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Histidine Decarboxylase and Histamine Binding in Rabbit Platelets.* 
(22573) 


RicHARD W. SCHAYER AND YUTAKA KOBAYASHI. 
The Rheumatic Fever Research Institute, Chicago, IIl. 


The rabbit is the only species known which 
has a high concentration of histamine in the 
platelets(1). The origin of this histamine has 
hitherto been unknown. In this paper we 
show that rabbit platelets, in vitro, have a 
pronounced ability to decarboxylate C'% L- 
histidine and to bind the resulting C‘* hista- 
mine in stable condition. The enzyme histi- 
dine decarboxylase has been prepared from 
rabbit platelets in soluble form and a study 
of its properties reported. 

Methods. In some of the first experiments 
the entire buffy coat of rabbit blood was 

used; later, platelet preparations, practically 
free of blood cells, were obtained by the 
method of McIntyre.t' These two prepara- 
tions will be referred to as “buffy coat,” and 
“isolated platelets,” respectively. Blood col- 
lection and platelet isolation were done in sili- 
cone-coated glassware. Platelet preparations 


* This investigation was supported by a research 
* grant A-1087, from the National Institute of Arthritis 
_ and Metabolic Diseases, National Institutes of Health, 
Public Health Service. 

+ This unpublished method was kindly provided by 
“Dr. Floyd McIntyre of the Abbott Laboratories. 
Rabbit blood is added to an equal volume of cold 
2.5% sodium citrate solution and centrifuged in the 
cold for 5 minutes at 1200-1500 rpm. The cells are 


. removed leaving a suspension of platelets. 


were incubated with 10 y C'* L-histidine(2) 
activity 2.4 x 10° cpm per mg base. Incuba- 
tions were carried out under nitrogen, at 37°C 
in 0.5 to 1.0 ml isotonic phosphate buffer, pH 
7.4, containing 0.2% glucose. The C™ his- 
tamine formed was determined by isotope di- 
lution assay using a rigorous extraction pro- 
cedure which eliminates contamination by the 
excess C!* L-histidine(3). The histamine was 
counted as the dipicrate at infinite thickness 
in flow counters? and corrected for back- 
ground only (background 20-22 cpm). Under 
the experimental conditions described above 
there is no significant destruction of C!* hista- 
mine by rabbit platelet preparations. 


Demonstration of binding of new C1 hista- 
mine by rabbit platelets. Isolated platelets 
from 50 ml blood were divided into 3 portions 
and incubated with C' L-histidine as de- 
scribed. At the end of the incubation period 
the tubes were centrifuged and platelets and 
supernates analyzed separately for C™ hista- 
mine. Platelets gave values of 126, 127 and 


fIn one experiment (Fig. 2, upper curve) data 
were obtained by counting the samples in a Packard 
Tri-Carb Liquid Scintillation Spectrometer. For use 
in this countér it was necessary to prepare the di- 
benzenesulfonyl derivative of histamine(8) 
of the picrate. 
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FIG. 1. Effect of pH on binding of histamine by 
rabbit platelets. 


133 cpm averaging 129 cpm. Supernates 
gave values of 30, 32 and 33 cpm. Thus 80% 
of the newly formed histamine remains bound 
in the platelets.) The remaining 20% es- 
capes into the supernate either by diffusion, or 
by damage to the platelets, during incubation 
and centrifugation. If all the C’* L-histidine 
present were decarboxylated, the activity of 
the histamine dipicrate would be 10,500 cpm. 
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Effect of pH on histidine decarboxylase 
activity. Upper curve, enzyme from isolated rab- 
bit platelets; counts made with liquid scintillation 
counter. Lower curve, enzyme from rabbit buffy 
coat; counts made with flow counter. 


FIG. 2. 


§ The buffy coats of human, rat and guinea pig 
blood were also tested for histidine decarboxylase 
activity ; it was extremely low or absent in all cases. 


PLATELET HISTIDINE DECARBOXYLASE 


Thus the values given above for the platelets 
correspond to about a 1.3% conversion of his- 
tidine to bound histamine. 

Effect of pH on binding of C™ histamine. 
Aliquots of a suspension of rabbit buffy coat 
in saline were incubated with C'™ L-histidine 
in phosphate buffers of various pH value. The 
effect of pH is shown in Fig. 1. 

Effect of pH on histidine decarboxylase ac- 
tivity. Platelet preparations were suspended 
in saline, frozen and thawed 6 times, then 
centrifuged for 30 minutes at 25,000 x g. Ali- 
quots of the supernate, free of particles, were 
added to buffers of various pH and incubated 
with C™ L-histidine as usual. Results are 
shown in Fig. 2. 
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FIG. 3. Effect of concentration of histidine de- 
carboxylase from isolated rabbit platelets on his- 
tamine formation. 


Effect of concentration of histidine decar- 
boxylase on rate of C* histamine formation. 
Histidine decarboxylase from isolated plate- 
lets, prepared as described above, was used in 
varying concentrations for the incubation- 
Results are shown in Fig. 3. 

Stability of histidine decarboxylase of rab- 
bit platelets. Histidine decarboxylase was 
prepared from isolated platelets. The en- 
zyme preparation was divided into 3 por- 
tions; one was assayed fresh while the other 
2 were frozen, lyophilized and stored at 
—15°C. The latter were reconstituted by 
dissolving in distilled water and assayed at 
varying intervals of time. Triplicate assays 
of the fresh enzyme were 61. 64, and 68 cpm 
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PLATELET HISTIDINE DECARBOXYLASE 


TABLE I. Effect of Various Compounds on Activity of Histidine Decarboxylase of Isolated 


Rabbit Platelets. 


Concentration, Histidine decarboxylase % inhi- 
Compound molar activity* Avg bition 

Control 95, 98, 98,100,100, 104,105 100 
Hydroxylamine Soh cag Cen tag 105, 109 107 0 

i ibn order (Ons 43, 48 46 54 
B-2-thienylalanine Oca O=* 89, 89 89 11 
Potassium cyanide ex 10=* 50, 65 58 42 
Semicarbazide 6 >< 10 23, 23 23 77 


* Data were obtained from 2 experiments. In order to make a comparison, avg counts per 
min. of controls were multiplied by a factor to convert to 100. Other values in this table were 
obtained by multiplying the observed count by the same factor. 


averaging 64 cpm. A sample stored for 2 
days assayed 71, 73 and 73 cpm averaging 72 
cpm. A sample stored 3 weeks assayed 52, 56 
and 58 cpm averaging 55 cpm. Thus the en- 
zyme can he lyophilized and stored for a few 
days without loss of activity. There appears 
to be a slight loss of activity in samples sev- 
eral weeks old. 

Effect of inhibitors on the activity of rabbit 
platelet histidine decarboxylase. Inhibition 
of histidine decarboxylase from various mam- 
malian tissues, principally rabbit kidney, has 
been extensively studied(4). The effect of sev- 
eral of these inhibitors on the activity of rab- 
bit platelet histidine decarboxylase is shown 
in Table I. 

Discussion. We have demonstrated that 
isolated rabbit platelets have the ability to 
decarboxylate C1* L-histidine and to bind the 
resulting C'* histamine in stable form. Con- 
version of histidine to histamine by particle- 
free extracts of isolated rabbit platelets is 
shown to be enzymatic by measurements of 
the effects on activity of pH (Fig. 2), concen- 
tration (Fig. 3) and inhibitors (Table I). In 
studies on histidine decarboxylase from other 
laboratories the sources of enzyme were com- 
plex tissues like kidney and liver(5) in which 
an undetermined amount of the enzyme was 
from cells possessing a histamine-binding 
mechanism. It is believed that the present 
paper is the first to describe the properties 
of histidine decarboxylase from a relatively 
homogeneous source which possesses not only 
the ability to synthesize histamine, but also 
the ability to bind it in stable form. The in- 
hibitors of histidine decarboxylase reported 


by Werle(4) are also effective on the enzyme 
from rabbit platelets. There are quantitative 
differences, however. Rabbit platelet histi- 
dine decarboxylase has a pH maximum at 7.2 
to 7.4. This is markedly different from the 
higher values, about pH 9.0, reported by 
earlier workers for histidine decarboxylase 
from rabbit kidney(6). In a recent paper by 
Graham, e¢ al.(7) a large number of tissues 
were tested for histidine decarboxylase activ- 
ity at pH 9.2. On the basis of our finding of 
maximum activity at pH 7.2 to 7.4, and low 
activity at 9.2 it would seem necessary to find 
the pH maximum for each tissue before com- 
parison of histidine decarboxylase activity is 
made. 

Summary. Rabbit platelets decarboxylate 
C™ L-histidine and bind the resulting C™ 
histamine in stable condition. Soluble histi- 
dine decarboxylase has been prepared from 
rabbit platelets and a study of its properties 
reported. 
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Stimulatory Effect of Estrogen Pretreatment on 36-Hydroxysteroid 


Dehydrogenase Activity of Rat Testicular Tissue. 


(22574) 


A. L. Bryer, Jessy S. ScHap, AND AARON ARNOLD. 
(Introduced by M. L. Tainter.) 


Sterling-Winthrop Research Institute, Rensselaer, N. Y. 


Mammalian endocrine organs which pro- 
duce steroidal hormones have been observed 
(1) to possess the enzyme 3-8-ol-dehydrogen- 
ase, which catalyzes the conversion of A°- 
38-hydroxysteroids to A*+-3-ketosteroids. This 
biosynthetic transformation is thought to be 
requisite for production of androgenic, gesto- 
genic and adrenocortical hormones which pos- 
sess in common the a, B-unsaturated ketone 
system in ring A of the steroid nucleus. 
Studies correlating the levels of 3-ol-dehy- 
drogenase activity of certain endocrine tissues 
with experimentally induced hormonal fluc- 
tuations would be expected to contribute in- 
formation pertinent to a better understanding 
of biosynthetic mechanisms involving steroid 
hormone production. 

The ability of testicular tissue from normal 
and estrogen pretreated rats to convert A°- 
androstene-38, 178-diol to A+*-3-ketosteroid 
is here compared. Estrogen pretreatment was 
employed to effect what might be called a 
“chemical castration” induced via an inhibi- 
tion of the pituitary output of gonadotrophins 
(2). The failure in testicular androgen pro- 
duction brought about by the estrogen pre- 
treatment was evidenced by atrophy of the 
sex accessory organs. Consequently, a corre- 
lation may be made of the levels of 3-ol- 
dehydrogenase activity of testicular tissue 
with the amount of androgenic hormone pro- 
duced by that tissue. 


Methods and materials. Estrogen Pretreat- 
ment. Male Sprague-Dawley rats ranging in 
weight from 160 to 195 g were divided into 
groups of 4 to 8 animals and fed commercial 
balanced diet and water ad libitum. All estro- 
genic substances were administered subcu- 
taneously for 2 weeks. Diethylstilbestrol di- 
palmitate (DESDP) was given both as pellet 
implants and as a solution in cottonseed oil. 
The pellets were implanted under the skin in 
the lumbar region, one 5 mg pellet on each 


side of the animal. Estradiol-178 was in- 
jected as a solution in cottonseed oil. The 
dose of estrogen was administered in 0.2 ml 
of oil with injections being given daily except 
Sundays. On the 15th day of the experiment, 
the rats were sacrificed under chloroform. 
The testes, seminal vesicles and ventral pros- 
tates were excised, cleaned of adherent fat 
and weighed. The testes after weighing were 
immediately quick-frozen over dry ice and 
stored in a deep freeze chest until the 3f-ol- 
dehydrogenase activity could be determined. 
Preparation of homogenates. The connective 
tissue tunic of the testes was stripped off while 
the organ was in the frozen state. The testes 
from 2 or 3 rats were pooled, weighed and 
homogenized in the serum-buffer medium de- 
scribed below. After thorough homogeniza- 
tion, sufficient medium was added to adjust 
tissue concentration so that the desired 
amount of tissue to be incubated was con- 
tained in 1 or 2 ml of homogenate. The 3- 
ol-dehydrogenase activity of testicular homo- 
genates was ascertained on the basis of 
amount of a, B-unsaturated ketone formed 
during incubation with A’-androstene-3, 
178-diol as substrate. The a, 8-unsaturated 
ketone was determined spectrophotometric- 
ally* by the intensity of absorption at 240 
my. Testosterone was employed as a refer- 
ence standard. One or 2 ml of the homoge- 
nate were added to flasks containing 25 ml 
of equal parts of bovine serum and phosphate 
buffer pH 7.4 to which was added 2 »M 
A°-androstene-38, 178-diol, 6 »M DPN. and 
1 mM niacinamide. The flask contents were 
oxygenated for one minute, stoppered, and 
incubated in a water bath for 2 hours at 38°C 
on a revolving spoked drum. At the end of 
incubation period, the contents of the flask 


* The assistance of Madelyn Becker in spectro- 
photometric determinations is gratefully acknowl- 
edged. 
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TABLE I. Effect of Estrogens on Reproductive Organs of the Male Rat. 


‘Body wt (g), 


————-_ Organ wt (mean + 8.E.) ———_, 


Dose, No. of mean and range Seminal Ventral 
Treatment ug/kg/day animals Initial Final Testes vesicles prostate 
None . oe 178 235. 2660-4128 191415 158-417 
(160-195) (218-266) (1150+ 84)t (82+ 7) (68+ 7) 
DESDP Pellet implantt ch 177 181 1460 + 322* 50 se, 8* 35 = 9* 
(160-188) (167-198) ( 810+176) (30+ 4)* (19+ 2)* 
None 8 178 218 2770 + 106 fence) 176 + 12 
(154-190) (191-235) (1270+ 68) (85+ 6) (80+ 5) 
DESDP 114 5 176 203 2580 + 92 78's 12% 82 — 19* 
(160-184) (192-213) (1280+ 51) (39+ 6)* (41+ 9)* 
None 6 170 223 2710 + 95 240 + 16 217 + 18 
(162-182) (204-248) (1230+ 54) (1134+ 6) (90+ 6) 
Hstradiol-17 2 5) 5 176 215 2520 4- 101 212 + 18 173° + 18 
(171-185) (200-231) (1190+ 70) (99+ 8) (82+ 9) 
2 6 175 203 2690 + 112 153 = 13" 129 7* 
(170-180) (198-208) (1330+ 53) (76+ 5)* (64+ 4)* 
8 6 174 202 2680 + 133 124+ 12* 1 cay tole! 
(170-180) (190-214) (1330+ 56) (614 5)* (61+ 4)* 
32 6 177 210 2470 + 117 106+ 22* 107+13* 
(170-188) (200-222) (1180+ 52) (58+ 6)* (51+ 9)* 


* Statistically significant at the 5% level or less from the respective control mean. 


+ mg/100 g body wt and S.E. 


+ Two, 5 mg pellets implanted subeut, in lumbar region. 


were boiled to stop enzymatic action. Pro- 
cedure for extraction and chromatographic 
separation of the a, 8-unsaturated ketone was 
as described by Wiswell and Samuels(3) with 
modifications as suggested by Samuels (per- 
sonal communication). After boiling, the 
flask contents were extracted 6 times with 15 
ml portions of ether. The pooled ether ex- 
tracts were evaporated to dryness under nitro- 
gen and the dried extracts were taken up in 
30 ml of hexane and chromatographed on 
aluminum oxide. The fractions were eluted 
according to the following scheme: Fraction 
I, 30 ml hexane; Fraction II, 10 ml 10% 
chloroform in hexane; Fraction III, 75 ml 
25% chloroform in hexane; Fraction IV, 50 
ml chloroform. The a, B-unsaturated ketone 
content of Fraction III after preliminary 
purification was determined spectrophoto- 
metrically in 95% ethanol. 

Results. Effects of diethylstilbestrol di- 
palmitate. Table I gives data on the effects 
of treatment on growth of animals and their 
reproductive organs. Alterations in testicular 
3-ol-dehydrogenase levels for corresponding 
groups are given in Table II. The subcu- 
taneous implantation of two 5 mg pellets of 


DESDP to young adult male rats brought 
about a marked suppression of growth of the 
animals. Whereas control rats gained an aver- 
age of 57 g/rat during the test period, DESDP 
treated males gained only 4 g/rat. The sup- 
pression of growth was accompanied by atro- 
phy of testes and sex accessory organs. It 
should be pointed out, however, that the de- 
gree of testicular regression was only slightly 
greater than concurrently retarded growth 
rate of the animals. 

The 3-ol-dehydrogenase activity was ele- 
vated in the testicular homogenates from the 
DESDP pellet treated animals. The in- 
crease/g of tissue was of the order of 1.7-fold. 
However, since testes from treated rats were 
considerably smaller than control gonads, the 
amount of ketone formed by an amount of 
homogenate equivalent to the total paired 
testicular weight was no greater than that cal- 
culated for the control. It seemed imperative 
to determine to what extent DESDP would 
affect the 3-ol-dehydrogenase activity of 
testicular homogenates when dose levels of 
this estrogen were given which would not alter 
the gross morphology of the testes yet be suf- 
ficiently large to curtail androgen production 
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TABLE II. Effect of Estrogen Pretreatment on 3g-0l-Dehydrogenase Activity of Rat Testicu- 
lar Homogenate. 


a,8-unsaturated ketone formed 
(testosterone equivalents) ————, 


No. of de- Ratio, Ratio, 
Dose, termina- yg/gtis- control: wyg/pair control: 
Treatment ug/kg/day tions sue/2 hr test testes/2 hr test 
None 2 459 1068 
DESDP* Pellett 2 776 ge Ey 1130 1:1.06 
None 4 392 1087 
DESDP 1i4 Es 662 TK 1709 1:1.6 
None 348 943 
Estradiol-17g 5 2 363 1:1.04 915 1:0:97 
2. 2 754 1:2.2 2012 1:2.12 
8. 2 668 ue A) 1790 Teh9 
32. 2 1250 1:3.6 3090 $23.3 


* Diethylstilbestrol dipalmitate. 


t Two, 5 mg pellets implanted subcut. in lumbar region. 


as manifested by the degree of sex accessory 
organ atrophy. It had been previously ob- 
served(4) that a daily dose of DESDP equiv- 
alent to 114 pg/kg (20 wg/175 g rat) brought 
about a statistically significant regression in 
seminal vesicle and ventral prostatic growth 
at the end of 2 weeks but did not measurably 
alter the mass of the testes. This dose was 
selected for the present study. The expected 
organ weight changes with the use of 114 
pg/kg/day of DESDP were obtained (Table 
I). The degree of atrophy of the sex acces- 
sory organs in this case was not maximal as 
judged by a comparison with the organ 
weights in the pellet implanted series; never- 
theless, it was statistically significant (P< 
.05). The conversion of A°-androstene-38, 
178-diol by the testicular homogenates was 
again demonstrated to be increased by the 
DESDP pretreatment. The extent of stimu- 
lation in terms of pg of a, B-unsaturated ke- 
tone formed per gram of tissue per 2 hours 
was, for all practical purposes, identical with 
that seen with the DESDP pellet implants. 
Since there was no change in total testicular 
weight due to the DESDP pretreatment, this 
change in 38-ol-dehydrogenase activity is ac- 
cepted as. stimulation of the enzymatic 
mechanism. 

Effect of estradiol-17B pretreatment. Ex- 
periments were performed in which natural 
estrogen, estradiol-178, was administered sub- 
cutaneously in doses of 0.5, 2, 8 and 32 yug/ 
kg/day, 6 days a week for 2 weeks. The 


growth of rats on these dose levels appeared 
to be slightly suppressed. No significant atro- 
phy of testes was observed, but a regression 
in weight of sex accessory organs occurred 
which in degree was proportional to the dose. 
A remarkable stimulatory effect on the 3-ol- 
dehydrogenase activity of testicular homoge- 
nates was effected by estradiol, particularly 
when given at 32 wg/kg. This amount was 
observed to bring about a 3- to 4-fold increase 
in the ability of testicular tissue to form a, 
B-unsaturated ketone when incubated with 
the substrate, A°-androstene-38, 178-diol. At 
0.5 pg/kg daily, estradiol-178 did not affect — 
the enzymatic activity of the testes, nor .was 
it capable of evoking a statistically significant 
curtailment in production of androgenic hor- 
mone by the testes. Estradiol-178, at 2 and 
8 pg/kg, exerted an intermediate effect which 
in terms of increased a, B-unsaturated ketone 
production was slightly greater than that 
found for DESDP pretreated rats. 
Discussion. The enzyme 38-ol-steroid-de- 
hydrogenase, obtained from mammalian endo- 
crine tissues, is assumed to participate in the 
biological synthesis of the steroid hormones 
which possess the a, 8-unsaturated ketone 
structure in ring A of the steroid nucleus such 
as is typical of testosterone, progesterone and 
the adrenal cortical hormones. The finding 
that the capacity of testicular homogenates to 
convert A®-androstene-38, 178-diol into a, B- 
unsaturated ketone was enhanced by estrogen 
pretreatment which concomitantly effected a 
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marked curtailment in testicular androgen 
production is pertinent to the general concept 
as stated above. The data presented indicate 
' that the reaction catalyzed by 3-ol-dehydro- 
genase is not the limiting step accounting for 
the marked interference in androgen produc- 
tion as the result of estrogen administration. 
From our studies the failure of hormonal syn- 
thesis would appear to occur at some step 
other than that which involves the formation 
of the a, B-unsaturated ketone precursors. A 
similar conclusion was reached by Huseby, 
Samuels and Helmreich(5) from studies cor- 
relating the 38-ol-dehydrogenase activity and 
androgen producing capacity of estrogen-in- 
duced interstitial cell tumors. 


The relative quantitative differences be- 
tween DESDP and estradiol-17 in effective- 
ness in disrupting androgen production and 
on stimulating the 3-ol-dehydrogenase ac- 
tivity of testicular homogenates should be 
pointed out. From this study it can be con- 
cluded that estradiol-178 is considerably more 
active than DESDP in accelerating the rate 
of a, B-unsaturated ketone formation by tes- 
ticular homogenate. Whereas it would appear 
from the DESDP pellet implant experiments 
that a near 2-fold increase in 3@-ol-dehydro- 
genase activity is the maximal stimulating ef- 
fect capable for this estrogen, it was observed 
that estradiol-178 evoked nearly a 4-fold in- 
crease in testicular enzyme activity at 32 
pg/kg/day. Although the data do not per- 
mit an accurate estimate of relative potency, 
it was observed that estradiol-178 at 2 pg/kg 
exhibited a somewhat greater effect on the 
tissue enzyme content than did DESDP at 
114 pg/kg. It would therefore appear that 
the natural estrogen is at least 50 times more 
active than the synthetic estrogen in respect 
to elevating tissue content of 3@-ol-dehydro- 
genase. 


These data do not answer the question as 
to whether or not the estrogen effect on the 
enzyme is independent of the pituitary. The 
atrophy of the sex accessory organs of the es- 
trogenized rats indicates a decreased output of 
pituitary gonadotrophin, which from the re- 
port of Samuels and Helmreich(6) would be 
expected to bring about a lowering of the 
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testicular enzyme content. These authors ob- 
served that the 38-ol-dehydrogenase activity 
of testicular tissue fell well below normal val- 
ues within 3-5 days after hypophysectomy. 
The administration of 100 I.U. of chorionic 
gonadotrophin per day restored the enzyme 
levels to values more than double those of in- 
tact control rats. These findings provide some 
basis for eliminating the possibility that the 
estrogen-stimulating effect on the testicular 
38-ol-dehydrogenase activity is a result of the 
inhibitory influence of estrogen on pituitary 
gonadotrophic function. 

The possibility exists that the estrogen- 
stimulating effect is directly on the 38-ol-de- 
hydrogenase system. Thus, Gordon and Vil- 
lee(7) have shown that the rate of DPN 
reduction in an isocitric dehydrogenase sys- 
tem isolated from placental extracts is a func- 
tion of the concentration of estradiol-17£. 
The reduced DPN was measured spectropho- 
tometrically at 340 my. In their experiments 
estradiol-178 was approximately 1000 times 
more active than diethylstilbestrol. Estrone 
was as active as estradiol, but none of a num- 
ber of other steroids tested possessed this ac- 
tivity. Talalay and Dobson(8) demonstrated 
that estradiol-178, but not estradiol-17a, pos- 
sessed a strong protective effect upon 3(-ol- 
dehydrogenase isolated and purified from cul- 
tures of certain species of Pseudomonas. 
Whether or not the stimulatory influence 
upon testicular 3@-ol-dehydrogenase activity 
brought about by estrogen pretreatment as 
reported here is a manifestation of these sug- 
gested mechanisms remains to be determined. 

Summary. 1. Pretreatment doses of estro- 
gens, which brought about marked curtail- 
ment in testicular androgen production as evi- 
denced by sex accessory organ atrophy, in- 
creased the 3-ol-dehydrogenase content of 
rat testicular homogenates. Estradiol-178 
was approximately 50 times more active than 
diethylstilbestrol dipalmitate in this respect. 
2. This evidence suggests that the reaction 
catalyzed by the 36-ol-dehydrogenase system 
is not the limiting one with respect to dis- 
rupted androgen production induced by estro- 
gen pretreatment. 
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Toxicity of Hydroxamic Acid Analogues; Prophylactic and Therapeutic 
Efficacy Against Nerve Gas Poisoning in Mice.* (22575) 


Marvin A. EPSTEIN AND GUSTAVE FREEMAN. (Introduced by W. H. Chambers.) 
(With the technical assistance of Louis S. D’Agrosa and Louis Dultz.) 
Clinical Investigation Branch, Chemical Warfare Laboratory, Army Chemical Center, Md. 


Hydroxylamine HCl and a series of its ana- 
logues were shown to accelerate the hydrolysis 
of phosphoric acid esters by splitting off the 
phosphate groups(1). Some of the hydrox- 
amic acid derivatives (HA) are capable also 
of reactivating cholinesterase that had- been 


inhibited by reaction with phosphoric acid . 


esters, such as nerve gases and certain of the 
insecticides. This is accomplished by releas- 
ing the phosphate bound in the reaction, thus 
freeing the enzyme(2-6). 

These evidences of potential prophylactic 
and therapeutic use of HA compounds were 
tested in mice intoxicated with nerve gas or 
with phosphate insecticides(7). Only studies 
with the nerve gas, Sarin (isopropyl-methyl- 
phosphono-fluoride), are reported here. 

Method. Wydroxylamine and analogues of 
hydroxamic acid (HA) were tested both for 
their individual toxicities and for their effica- 
cies in reducing the toxicity of Sarin in albino 
mice. Each HA was made up as a solution in 
0.85% NaCl, neutralized and adjusted so that 
1 ml contained approximately one LDs5o 
when administered intraperitoneally. For 
each analogue groups of 6 to 8 mice were in- 


* Synthesis of hydroxamates by Drs. T. Wagner- 
Jauregg, G. M. Steinberg and R. Plapinger, Medical 
Laboratories, Army ‘Chemical Center, Md. Statistical 
analysis was done by Mr. I. A. DeArman, Medical 
Laboratories, Army ‘Chemical Center, Md. 


jected with 4 to 6 different doses covering a 
range of approximately the interval LD,- 
LDjoo. The LDs9 for each analogue was cal- 
culated by the method of Litchfield and Wil- 
coxon(8). These are listed in Table I. Mice 
generally died within one hour. A few suc- 
cumbed during the second hour and those 
that survived for 2 hours seldom died during 
the subsequent 18 hours of observation. Only 


deaths within 2 hours were used in the calcu- 


lation of the LD;9. Animals were observed 


TABLE I. Approximate LD,’s in Mice of An 
Analogous Series of Hydroxamates Injected In- 
traperitoneally. 
Approximate 
Hydroxamate LD» (mg/g) 
Hydroxylamine 15 
Salicyl- 15 
Nicotin- (benzobromide) aor 
Polyacryl- 16 
Diglyeolie di- pal life 
Picolin- 3 
Tartar- 5 
Sorb- se 
Glyein- 8 
Acet- 1.3° 
Nicotin- 2.3 
n-dimethyl glycin- (methochloride) 2.0y 
Glucuron- 3.0 
Histidin- 3.7 
Nicotin- (methiodide) 4.0 
Serin- 6.5 
Laet- 8.4 
Mandel- > bi0at 


* Tested against 2 X LD,» only (Table IT). 
t Limited by solubility. 


HyproxaAmic ACIDS IN SARIN POISONING 


TABLE II. Effectiveness of Hydroxamic Acid 

Analogues, Given Intraperitoneally, against One 

or Two LD,’s of Sarin Given Subecutaneously in 
Mice. 


Min. from Po- 
nerve gas Dose, tency No. dead 


Hydroxamate inj. mg/g ratiot /No.inj.{ 
Glycin- -15 A 1.5 
—10 4 1.6* 
— 2 A 2.4* 
2.5 5 2.5* 
10 5 2.1* 
12 5 1.5 
Lact- = 5) 6 2.8* 
115) 04 1.0 
5 2.0 2.8* 
5 4 8 
Nicotin- — 56 e alia 
-— 5 5 2.2* 
5 17 2.9* 
Nicotin- (meth- — 5 2.0 2.2* 
iodide) =) 4 i 
5 2.0 2.9* 
5 4 1.0 
Picolin- -5 2 1.0 
5 2 ark 
1-2 2 1.0 
Serin- - 5 1.5 1.4 
-— 5 1.5 Peale 
Citric- = 5 A 1.3 
Sorb- = 5 2 1.5 
Polyaeryl- =5 4 1.0 
0 75 1.0 
Gluecuron- = 5) 1.0 1.4 
n-dimethyl glyein- — 5 1.0 8/24 
(methochloride) 
Nicotin- (benzo- — 5 8 11/24 
bromide) 
Diglycolie di- =U5 8 22/24 


* Significantly > 1.0. 

+ Caleulated LD;, compared to that of control 
mice. 

¢ Against 2 X LDs. (> LD.) Sarin. 


also for clinical evidence of toxicity as indi- 
cated by appearance and behavior with all 
doses for the purpose of choosing an initial 
trial protective dose. 

Next the analogues were tested for protec- 
tive efficacy in mice poisoned subcutaneously 
with one LDso of Sarin. In order to control 
possible variability in the toxicity of Sarin the 
LD; was estimated each time that an HA 
was to be tested against it. This was done by 
injecting 4 to 6 groups of 6 mice each with 
different doses of Sarin(8). On the same day 
2 groups of 24 mice each were injected with 
the LDs» of Sarin subcutaneously. Of these 
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groups one was injected intraperitoneally 
with HA also and the other with saline. The 
protective doses chosen for each HA used, 
listed in Table II, range up to 2% of the LDs5o 
of the HA, the largest doses given being 
smaller than those provoking signs of toxicity. 
HA was given either before or after Sarin. 
(The terms “therapeutic” and “prophylactic” 
refer only to the time relationship with ad- 
ministration of Sarin rather than to mechan- 
ism.) The intervals to or from the time of 
injection of Sarin are listed in Table II. To 
assess the efficacy of an HA for each experi- 
mental situation, the numbers of dead out of 
24 in the 2 groups were examined and the 
difference tested by means of y? in a 2x2 con- 
tingency table(9). This is equivalent to test- 
ing the equality of the proportion dead in the 
2 groups. The index chosen to measure the 
relative efficacy of an HA is the potency ratio 
(10). This was computed by pooling the re- 
sults from all preliminary assays of Sarin, and 
computing a slope. It was then assumed that 
the slopes of the response lines of the experi- 
ments with HA would be equal to this common 
slope for all experiments. Using the common 
slope and the responses observed in each of the 
efficacy trials of HA against a relatively stand- 
ard dose of Sarin, LDso0’s were estimated for 
each trial. Potency ratios were computed and 
appear in Table II. The significance of the 
potency ratio was determined by the x? test. 
If the numbers of dead in the 2 groups were 
significantly different, the ratio was assumed 
to be significantly different from 1. In addi- 
tion 3 HA’s were tested against twice the 
LD; 9 of Sarin, a dose that kills all mice, and 
the results are shown at the end of Table II. 


Results. ‘Toxicity levels for the analogous 
series of hydroxamates, administered intra- 
peritoneally, are listed in descending order 
(Table I) and indicate a wide range among 
those tested. It is of special interest that the 
potency ratios shown in Table II appear to be 
independent of the relative toxicities. For ex- 
ample, lact-hydroxamate is the least toxic and 
one of the more effective compounds. On the 
other hand, glycin-hydroxamate is more toxic 
and quite ineffective. The last 3 compounds 
listed in Table II protected all mice against 
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one LD5» of Sarin and gave partial protection 
against 2, a uniformly fatal dose. Thus far, 
compounds having protective properties when 
injected several minutes prior to Sarin may 
also be effective when administered within a 
few minutes after the toxic material (Table 
II). “Prophylactic” or early “therapeutic” 
use of the hydroxamates intraperitoneally ap- 
pears to be more effective, however, than 
their use subsequently. When administered 
after the onset of obvious signs of intoxica- 
tion, the effects of these hydroxamates were 
negligible in terms of reversing the develop- 
ing toxic manifestations in mice. 

Discussion, Although there are striking 
hydrolytic effects of hydroxamic acid ana- 
logues in vitro(1-6), protection requires rela- 
tively huge doses in mice. This is of practical 
importance in application. Factors pertain- 
ing to optimum conditions for contact be- 
tween the antidote and either free Sarin or 
Sarin-inhibited enzymes or both, in vivo, in- 
clude rates of absorption and excretion, of 
degradation and detoxification and of diffu- 
sion from the circulation. The apparent inde- 
pendence of toxicity and potency ratios among 
candidate compounds encourages further ex- 
ploration. It would appear that toxicity of 
an HA may limit the prospect of testing its 
maximum efficacy. However, the large doses 


Host Resistance to Bacteria in Hemorrhagic Shock. VI. 
Endotoxin on Antibacterial Defense.* 


F. B. ScHwernsurec, D. Davinorr, I. H. Koven, Anp J. FINE. 
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required to raise the LD; of Sarin signifi- 
cantly would appear to limit the therapeutic 


potential. Related compounds are being 
studied. 
Summary. Some hydroxamic acid ana- 


logues protect mice against an LD59 dose of 
Sarin. Effective doses required in this series 
have been large. The efficacy of hydroxa- 
mates is variable and unrelated to toxicity. 


1. Hackley, B. E., Plapinger, R. E., Stolbert, M. A., 
and Wagner-Jauregg, T., J. Am. Chem. Soc., 1955, 
v77, 3651, 
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Scand., 1952, v6, 1477. 
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Kirstein Laboratory for Surgical Research, Beth Israel Hospital, and Department of Surgery, 
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Transfusion for experimental hemorrhagic 
shock of 2 hours duration is followed by re- 
covery. But if the shock is allowed to persist 
for much longer (4-5 hours) it fails to re- 
spond to transfusion. Evidence has been given 
that the failure of the circulation to respond 


* Supported by contract with Office of Surgeon 
General, U. S. Army, and by research grant from 
NIH. 


to transfusion is a result of bacterial activity, 
which cannot be controlled because shock 
produces a progressively severe injury to the 
antibacterial mechanisms(1-6). The further 
observation that intravenous antibiotic ther- 
apy, given shortly after shock was induced, 
failed to prevent the development of irreversi- 
bility, in contrast to the success of such ther- 
apy when given before shock was induced 
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TABLE I. Influence of Time on the Lethality of H. cok Endotoxin I.V. in Normal Rabbits.* 


Second inj. at time intervals stated below 


10 min. 1 hr 4hr 
First inj. Second inj. % lo 0 
————_ MSD——,__ Total survival Total survival Total survival 
1 — 25 100 25 100 25 100 
1/2 1/2 10 80 10 20 15 60 
1/2 1/4 10 60 10 50 10 80 
1/2 1/8 10 100 10 40 10 90 
1/2 1/16 — — 10 20 10 90 
1/2 1/32 — _— 10 40 10 100 
1/2 1/64 — _— 10 40 — — 
1/2 1/128 — — 10 20 — — 
1/2 1/256 _ — 10 80 _ — 
1/2 1/512 — — 10 0 —_— — 


* MED 100 — 0.13 mg/kg; MSD 100 — 0.05 mg/kg. 


(3), suggested that a process already in op- 
eration during the short interval between on- 
set of shock and administration of the anti- 
biotic was responsible for the development of 
irreversibility. This process was assumed to 
be the production of a small amount of bacte- 
rial endotoxin,} which eventually caused fail- 
ure of transfusion because of progressive col- 
lapse of the antiendotoxic defense(3). These 
considerations led to experiments designed to 
explore (1) the relationship of time to the ef- 
ficiency of the mechanisms involved in the 
detoxification of endotoxins; (2) the effect 


+ In our original experiments (1952) on dogs, peni- 
cillin, neomycin and the tetracyclines were effective 
when given prior to shock. In 1955 they were in- 
effective, except when given to dogs just prior to de- 
livery to our laboratory from the dealer’s kennels, 
and promptly submitted to the shock procedure, 2.e., 
before they could acquire the now resistant intestinal 
flora in our animal quarters. Prophylactic antibiotic 
therapy was, however, successful in rat experiments 
performed in 1955(7). This latter observation has 
been confirmed by Shorr and Baez(8). 

+ Evidence has been given for the presence of 
bacterial activity in the tissues of dogs in hemorrhagic 
shock, in spite of the absence of positive blood or 
tissue cultures (except Clostridia) until a few 
minutes after death, and that this bacterial activity 
is responsible for development of irreversibility to 
transfusion(1). There is also evidence that bacterial 
invasion from the intestine is a continuous process 
in the normal as well as the shocked animal(7,9,10). 
Moreover there is reason to believe that endotoxins 
can be absorbed from the intestinal canal(6). Re- 
cently a leucotoxin which is neutralized by Properdin 
has been identified in the blood of the rabbit in 
hemorrhagic shock(11). 


of antibiotics on the response to endotoxins. 

Method. A purified E. coli endotoxinS 
given intravenously was employed in all the 
experiments to be described. The intravenous 
MLD/100 (minimal lethal dose for all re- 
cipients) was 0.13 mg/kg and the intravenous 
MSD/100 (maximal surviving dose for all 
recipients) was 0.05 mg/kg for normal rab- 
bits(6). One half MSD/100 was adminis- 
tered to each of a group of normal rabbits. 
Ten minutes later a second dose was given. 
The second dose, beginning with 1% MSD/ 
100, was decreased in each successive rabbit 
by 50% until no effect was secured. This ex- 
periment was repeated in 2 additional groups 
of normal rabbits, except that the interval 
between the first and second dose was length- 
ened to one hour in one group, and to 4 hours 
in another group. 

Results. Table I shows first, that 11% 
(6 of 55) of normal rabbits were killed by the 
second dose of toxin given 10 minutes after 
the first dose; and secondly, that 67% (47 
of 70) were killed when the second dose was 
given one hour after the first safe dose. Even 
with a second dose as little as 1/128 of MSD/ 
100, most of the recipients died. .When the 
second dose was given 4 hours after the first, 
the mortality rate was 18% (10 of 55 rab- 
bits). The survival time of most of these re- 
cipients was about the same (3-24 hours) as 
of those receiving an MLD/100. Some that 
survived showed varying degrees of transient 


§ We are grateful to Dr. A. Braude of the Universi- 
ty of Texas Medical School for a generous supply of 
this material. 
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TABLE II. Effect of Preloading the RE System with Trypan Blue* on Toxicity of EH. coli 
Endotoxin. 


Normal rabbits 


Hemorrhagic shock rabbitst 


Dose of Dose of 
endotoxin No. No. endotoxin No. No. 
I.V.(mg)t rabbits survived LV. (mg)§ rabbits survived 
.05 1 0 00000012 ul 0 
' 025 4 0 .00000006 3 0 
.0125 ta) 0 -00000003 5 1 
.0063 5 1 -000000015 + 3 
.0032 5 5 -000000007 3 3 


* 10 ee of an 0.1% solution 3 times a wk for 7 wk. 

+t Hemorrhagic shock of 2 hr duration, produced by a technic described elsewhere (Schwein- 
burg, F. B., Frank, H. A. and Fine, J., Am. J. Physiol., 1954, v179, 523; and Schweinburg, F. 
B. and Fine, J., Proc. Soc. Exp. Bion. & MED., 1955, v88, 589). 

¢ .05 mg was upper limit of a uniformly non-lethal dose of a standardized #. coli endotoxin 


in normal rabbits. 
§ Endotoxin given 4 hr after transfusion. 


.00000012 mg was upper limit of a uniformly 


non-lethal dose of a standardized #. coli endotoxin when given to rabbits 4 hr after transfusion 


for hemorrhagic shock of 2 hr duration. 


muscular weakness and anorexia. Those that 
died showed progressive muscular weakness 
beginning within a few hours. They devel- 
oped progressive hypotension, oliguria or 
anuria, and pallor of the mucous membranes. 
Gross post-mortem examination disclosed 
nothing more than scattered petechial hemor- 
rhages, and a small amount of blood in the 
gut. There was no evidence of the Shwartz- 
man reaction. 

Comment. These results demonstrate that 
a small dose of endotoxin quickly induces a 
hypersensitivity to more endotoxin, but that 
substantial recovery of resistance to endo- 
toxin is already present 4 hours after the ini- 
tial dose. This is the interval required for 
blood clearance of a dose of endotoxin in- 
jected intravenously, and for maximal uptake 
by the RE system(12). That the RE sys- 
tem inactivates endotoxin is indicated by the 
TABLE III. Coli Endotoxin I.V. Penicillin, 


streptomycin I.V. with first dose of endotoxin. 
Second inj. of endotoxin one hr later. 


Ist inj. of 2nd inj. of 


endotoxin endotoxin No. of rabbits 


MSD ~ Total Dead Survived 

1 — 25 os 25 
1/2 1/2 10 1 9 
1/2 1/4 10 0 10 
1/2 1/8 5 0 5 
1/2 1/16 6 0 6 
1/2 1/32 5 0 5 
1/2 1/64 9 0 5 
1/2 1/128 5 1(72hr) 4 
1/2 1/256 


MSD 100 = 0.05 mg/kg. 


observation (Table II) that the sensitivity 
of rabbits preloaded with Trypan Blue was 
much higher than in comparable rabbits not 
given the dye. Since shock injures the RE 
system(13), failure of detoxification can ex- 
plain a persisting and even an increasing hy- 
persensitivity to endotoxin during shock. 
That the death resulting from the second dose 
of endotoxin is due to the release and ex- 
posure to still more endotoxin is shown by the 
results of experiments (Table III) in which 
antibiotics (100,000 units of penicillin and 50 
meg of Streptomycin given intravenously) were 
administered with the initial dose of endo- 
toxin. In this situation, the second dose, 
given one hour later, proved to be virtually 
harmless, for the mortality rate fell from 67% 
to 4% (2 of 46 animals). Since the anti- 
biotics protect by preventing the generation 
of more endotoxin', one might expect the 


|| The protective action of antibiotics in shock or 
against endotoxin cannot be due to other than their 
antibiotic properties for several reasons: 1. Penicillin 
has no known pharmacologic activity apart from its 
antibiotic action. 2. Except for the acceleration of 
growth from long-term administration in food, these 
compounds, in so far as they do exert any non-anti- 
bacterial properties, act adversely rather than pro- 
tectively. 3. As will be shown below, Bacitracin and 
Polymyxin B, when given orally, protect even though 
they are wholly non-absorbable. Finally, it is im- 
probable that such widely diverse chemical com- 
pounds could exert a uniformly protective non-anti- 
bacterial pharmacologic effect. 


Bs 
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TABLE IV. Effect of Antibiotic Therapy on Survival Rate of Normal and Shocked Rabbits 
Subjected to Their Respective MLDs (100) of Bacterial Toxin or Multiples Thereof. 


Toxin Normal Shock 
Dosage Time relative to No.of Survival No.of Survival 
Exp. No. Antibiotic’ (MLD) antibiotic therapy rabbits (%) rabbits (%) 
None (he ks OS aa Oe are 0 
I Pen &§ il 4 hr after 10 60 20 45 
1% es 10 50 20 50 
2 oY 10 50 10 50 
Aidt * 1 Simultaneously 20 55 20 45 
1% *: 10 60 20 45 
2 #4 20 60 10 50 
3 i 10 0 — =a 
TIL ‘ 1 : 20 65 10 40 
1% ‘ 20 60 10 60 
2 Z 20 60 10 50 
IV B&PorN 1 Immediately after 4th 10 50 15 60 
dose or 6 hr later in 
2 hr shocked dog : 
1% Idem 10 50 0855 Bias 
2 ‘h 10 50 10 40 


* Pen — penicillin; S —streptomycin; B— bacitracin; P=polymyxin; N—neomycin. 
, « ) d vd , e 


timing of the antibiotics to condition the re- 
sults. To determine the effect of timing and 
to disclose the source of the additional endo- 
toxin, the following experiments were under- 
taken. 

Method. Rabbits of the same breed and ap- 
proximate weight (2-3 kg) were variously ex- 
posed to the #. coli endotoxin and to anti- 
biotics as follows: Group I: Penicillin G. 
100,000 U and Streptomycin (50 mg) were 
given intravenously to normal rabbits, and 
to rabbits immediately after transfusion for 
hemorrhagic shock of 2 hours duration. Four 
hours later one MLD/100 of endotoxin was 
administered intravenously to each rabbit in 
both groups.. This dose, as stated, was 107! 
mg for normal rabbits. For rabbits 4 hours 
after transfusion for hemorrhagic shock of 2 
hours duration the MLD/100 was 10° mg 
(6). The experiment was repeated with mul- 
tiples of the respective MLDs/100. Group 
JI: The procedure was the same as in Group 
I, except that the antibiotics were injected 
into one ear vein at the time the endotoxin 
was injected into the other. Group IJ/: The 
procedure was the same as in Group II, except 
that the antibiotics and the endotoxin were in- 
jected together, after mixing and standing at 
4°C for 4 hours. Group IV: Bacitracin (10,- 
000 U) and Polymyxin (100,000 U) or Neo- 


mycin (100,000 wg) were fed daily by ga- 
vage for 4 successive days to 2 groups of nor- 
mal rabbits. About one hour after the fourth 
dose each rabbit in one group received one 
MLD/100 endotoxin (107? mg) intraven- 
ously. The rabbits in the other group were 
put into hemorrhagic shock for 2 hours, and 
then transfused. Four hours later, each of 
these received one MLD/100 endotoxin (10% 
mg). Group V: Normal rabbits were given 
one MLD/100 of endotoxin, and the antibi- 
otics employed in Group I were given 30, 60, 
or 90 minutes afterward instead of before or 
simultaneous with the endotoxin. All animals 
were observed until they were fully recovered, 
or until death, in which case a gross post- 
mortem examination was made. 


Results (Tables IV and V).. Without anti- 


TABLE V. Penicillin (100,000 Units) and Strep- 

tomycin (50 mg) I.V. Simultaneous with or at 

Various Intervals after a Single MLD/100 Dose 
of £. coli Endotoxin, 


No. 

normal % 

rabbits survived 
Simultaneously 50 50 
10 min. after endotoxin 10 10 
Ome # Z 10 0 
fe hart? Ke 6 0 
1% ” ” ” 4 0 
Be tie ot 99 6 0 
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biotic therapy the expected survival rate of 
both the normal and shocked rabbits would 
have been 0%(6). The average  sur- 
vival rate proved to be about 50% in Groups 
I, IT,-IIJ, and IV, z.e., in those in which anti- 
biotics were given prior to or simultaneous 
with the administration of endotoxin (Table 
IV). In Group V, in which the antibiotic 
was given 30 or more minutes after the endo- 
toxin, the survival rate was 0% (Table V). 

Comment. The results of the Group I, II, 
and III experiments confirm those of numer- 
ous investigators(14-19), who noted a con- 
siderable decrease in the lethal power of cer- 
tain bacterial toxins as a result of prior ad- 
ministration of certain sulfonamides or anti- 
biotics. No explicit view of the way these 
agents affect the action of toxin is offered in 
most of these reports, but several investi- 
gators(18,19) assert that the antibiotics ex- 
ert an anti-endotoxic action im vivo: Our 
Group III experiments exclude a direct effect 
of the antibiotics on the endotoxin. Our 
Group IV experiments, in which non-absorb- 
able antibiotics (Bacitracin and Polymyxin 
B) introduced into the intestine were as ef- 
fective as absorbable antibiotics given by the 
same route (Neomycin{) or intravenously, 
exclude both a direct and an indirect effect 
upon the endotoxin. Therefore, the anti- 
biotics act only by suppressing bacterial ac- 
tivity. The Group IV experiments demon- 
strate further that the bacteria which are the 
source of the additional toxin are to an im- 
portant degree, if not entirely, those invading 
from the gastrointestinal tract. 

It follows that a lethal dose of test endo- 
toxin is not necessarily lethal per se, and that 
death involves an effect consequent to injury 
by the endotoxin to the antibacterial defense 
mechanisms, with the subsequent elaboration 
of more bacterial toxin. This additional dose, 
added to the test dose, constitutes the lethal 
dose. From the results of the experiments 
with multiples of the MLD/100 it would ap- 
pear that the additional dose may equal 
as much as 1 MLD/100 of the test 
endotoxin, because the antibiotics achieved 
the same degree of protection with test doses 


{A very small fraction of neomycin is absorbed. 
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up to 2 MLD/100. In the first 4 groups of 
experiments the antibiotics were immediately 
available to shut off the generation of more 
endotoxin than was administered to the ani- 
mal. In the Group V experiments the anti- 
biotics were not immediately available, and 
proved completely ineffective. The effect of 
this difference in timing is strikingly analo- 
gous to the effect of the difference in timing 
of antibiotic therapy in hemorrhagic shock. 
We have attributed the failure of antibiotic 
therapy applied soon after the induction of 
hemorrhagic shock, in contrast to its effective- 
ness if applied prior to shock, to the interim 
production of a lethal dose of bacterial toxin 
(3). This assumes that the antibacterial func- 
tions begin to fail very shortly after the in- 
duction of shock, and that the toxin which 
can develop in the interval between the onset 
of shock and the administration of antibiotic 
constitutes a lethal dose eventually, because 
of the rapid and enormous rise in sensitivity 
to the toxin, which cannot be neutralized or 
excreted. The results of the Group V experi- 
ments, as contrasted to those of Groups I-IV, 
suggest that a similar process operates when 
a lethal dose of endotoxin is given; i.e. that 
the antibacterial defense mechanisms are as 
promptly and as severely damaged by a large 
dose of endotoxin as by hemorrhagic shock, 
and that exposure to an otherwise insignifi- 
cant amount of endotoxin shortly thereafter 
is sufficient to produce irreversible shock as 
a result of increasing sensitivity to endotoxin. 
Presumably a dose of endotoxin is lethal be- 
cause it permanently paralyzes the recupera- 
tive powers of the detoxifying system, where- 
as a sublethal dose does not prevent their re- 
covery after a certain interval unless an addi- 
tional, though relatively trivial, dose is added 
in the interim. 


This investigation was done with one endo- 
toxin only. The results obtained may not 
hold for other endotoxins. But because there 
are no identifiable distinguishing features 
among the various endotoxins, we may as- 
sume that their pathological effects are simi- 
lar. 


Summary and conclusions. 1. The mortal- 
ity rate from one intravenous MLD/100 of 
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endotoxin was reduced from 100% to 40-60% 
by antibiotic therapy given prior to or at the 
time of injecting the endotoxin. This was 
true even if the antibiotic was given orally 
and was completely non-absorbable. There- 
fore, endotoxins from intraintestinal bacteria 
are involved in the death from an intravenous 
MLD/100 of endotoxin. Data are given to 
show that antibiotics act solely as antibac- 
terial agents, and not as anti-endotoxic agents. 
2. A sublethal intravenous dose of endotoxin 
promptly induced in rabbits an increased sen- 
sitivity to a supplementary fractional dose of 
endotoxin so that a second dose given one 
hour later increased the mortality from zero 
to 67%, even though the total of both doses, 
if given as a single initial dose, was not lethal. 
Recovery of nearly normal resistance to the 
second dose of endotoxin required about 4 
hours. Antibiotics given with the initial dose 
rendered the second dose harmless: but the 
same antibiotics given with the second dose 
did not prevent death. Therefore, it is in- 
ferred that death from the second dose in- 
volved the production of additional endotoxin. 


' 3. Reasons are given for inferring that simi- 


a 


lar phenomena operate in hemorrhagic shock 
and account for the development of irreversi- 
bility to transfusion. 
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of Adenoviruses (APC) in Monkey Kidney 
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Production of adenovirus (APC) vaccines 


_ suitable for general usage, is dependent on the 


serial propagation of virus in cultures of ac- 
ceptable non-malignant tissue. Since monkey 
kidney tissue cultures demonstrated cyto- 
pathogenic effects and supported limited 


growth of adenoviruses(1), it seemed possible 
that with further adaptation, these agents 
might be induced to grow satisfactorily in 
such cultures. This report describes the pro- 
cedures used in establishing monkey kidney 
passage lines of 7 serotypes (1 through 7) of 
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adenoviruses. None of the strains was grown 
in HeLa cell or other cancer cell cultures at 
any point in its passage history. 

Methods. Rhesus monkey kidney tissue 
cultures* prepared by the Youngner pro- 
cedure(2) in stationary tubes and 32 oz. bot- 
tles were grown in 2.0% calf serum, 0.5% 
lactalbumin hydrolysate, and 97.5% Hanks’ 
solution(3), and maintained in 1.0 and 40.0 
ml respectively of Mixture 199(4). Bottle 
cultures were washed 3 times with 20.0 ml of 
Hanks’-Simms’ solution prior to inoculation. 
Nutrient fluids were changed routinely twice 
a week for tube cultures and once a week for 
bottle cultures. Occasionally, only one-half 
of the bottle culture fluid was changed, and 
in advanced passages bottles were maintained 
without fluid change (usually 7 to 10 days). 

Monkey kidney passage lines of types 1, 2, 
5, and 6 were initiated with material from 
early passages in human embryo tissue of 
fluids from spontaneously degenerating ade- 
noid or tonsil tissue cultures(5). Strains of 
types 3 and 7 were obtained by inoculating a 
number of virus-containing throat washings 
into monkey kidney cultures. Virus strains 
recovered from several such specimens were 
carried for one or two additional passages and 
the most rapidly cytopathogenic strain of 
each type selected for further passage. At- 
tempts were made to initiate passage lines 
of type 4 by direct isolation in monkey kidney 
culture, but of 8 known-positive nasal wash- 
ings tested, only one produced cytopathogenic 
changes, and this strain could not be passaged 
further. Therefore, this strain was reisolated 
in human embryo trachea tissue culture and 
then passaged to monkey kidney cultures. 
Initiation of passage lines and routine serial 
passages were carried out by the inoculation 
of 0.1 ml of sample into monkey kidney tubes 
containing 0.9 ml of Mixture 199: superna- 
tant fluids harvested at the time of maximal 
tissue involvement were usually used for pas- 
sages. If cytopathogenic effects were delayed 
in passage attempts, cultures were reinfected 
at the time of the first fluid change with pools 
of tissue scrapings and several fluid harvests 


* Cultures were obtained from Microbiological 
Associates, Bethesda, Md. 
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of the preceding passage, or passages were re- 
peated with 0.2 to 0.4 ml inoculum per tube. 

Attempts at establishing the viruses in bot- 
tle cultures were made by inoculating 0.5 to 
2.5 ml of supernatant fluids from infected 
tube cultures; the bottles were frequently re- 
infected with similar amounts of fluid if cy- 
topathogenic effects were delayed or pro- 
gressed slowly. The final fluid harvests and 
frequently intermediate fluids from bottle cul- 
tures were titrated as antigen in the comple- 
ment-fixation test using a standard pool of 
human convalescent serums(1). Since in 
early passages replicate bottles occasionally 
varied as much as 16-fold in antigen yield, 
the fluids showing the highest CF antigen 
titers were selected for passage. Fluids of 
early bottle passages were centrifuged for 4 to 
4Y hours at 30,000 rpm in a Spinco Model L 
centrifuge; the pellets were resuspended in 
the lower one-fifth of the supernates and 3.5 
to 5.0 ml quantities used as inocula for sub- 
sequent passage. Serial passages were made 
with ultracentrifugal concentrates until har- 
vests with high virus and CF antigen titers 
were regularly obtained. 


Results. Serial passages of all 7 serotypes 
were established initially in tube cultures by 
selection of strains giving the shortest incuba- 
tion periods and by the use of large inocula 
and reinfection of cultures. In the first kid- 
ney passage, cytopathogenic changes devel- 
oped in 1 to 5 days, but in subsequent pas- 
sages the incubation periods were usually 
markedly prolonged, and the virus and CF 
antigen yields were very poor. One or 2 bot- 
tle passages using concentrated inocula re- 
sulted in adaptation of types 1, 2, 5 and 6 to 
give satisfactory virus and CF antigen titers 
in further passages. On the other hand, 3 to 
5 such passages of types 3, 4 and 7 were 
necessary before satisfactory harvests were 
obtained, and occasional subsequent passages 
with concentrated virus were necessary to 
maintain yields of virus having high titers 
(Table I). All 7 serotypes were carried 
through 10 or more serial passages in monkey 
kidney cultures. Infectivity titers for HeLa 
cells(1) at 4th to 9th passage levels of types 
11253; 15,06, and 7° were 10*% to 102 eso 


_ in volunteers(7). 
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TABLE I. Representative Serial Passage Lines of Adenoviruses in Monkey Kidney Tissue 
Cultures. 


Days to Ist CF titer of 


Type of Vol of inoculum eytopatho- harvest 
Type Passage culture per culture, ml genic effect (highest level) 
3 MK*1 Tube 1} 5 
2 = of 6 
3 : Ba : 2 
=: Bottle 1.0 = a 
5 =f 5.0 5X concentrate 5 j lege 
6 id 3.5 cg 3 1:16 
if z 1.0 5 1:16 
8 4 2.0 3 1:4 
9 i 3.5 <6 1:16 
10 2.0 2 1:16 
~ HE Trt 1 Tube 1% 6 
MK 1 _ Pa 1 
2 Bottle 2.0 10 1:4 
3 7 5.0 5) ok 
~ 4.0 5X concentrate 5 1:4 
3 4.0 "3 4 1:4 
6 4.0 2 1:8 
7 4.0 1 1:32 
8 s 1.0 2 1:32 
o Tube 01 1 
10 2 2 1 


*Monkey kidney. 


per 0.1 ml, representing virus activity at the- 
oretical cumulative dilutions of the original 
inocula of 107° to 107°. After 8 passages, 
typ2 4 titrated 10°-° or higher, when the cumu- 
lative dilution of inoculum was 107°. After 
6 to 10 passages, all types produced CF anti- 
gen titers of 1:16 or greater in 2 or more bot- 
tle harvests. The identities of the passage 
viruses were confirmed in neutralization tests 
performed in monkey kidney cells; all strains 
were completely neutralized by 8 units of 
homologous rabbit antiserum. Since the rab- 
bit antiserums had been prepared with viruses 
grown in HeLa cells or human embryo tissue 
and with no history of passage in monkey kid- 
ney cells, these tests also indicated that the 


‘passage lines were not contaminated with 


monkey renal viruses(6). Formalinized and 
heat-inactivated vaccines prepared with the 
monkey kidney passage line of type 3 stimu- 
lated neutralizing antibody responses and 
prevented an experimentally induced illness 
Similarly, a formalinized 
polyvalent vaccine containing the monkey 
kidney passage strains of types 3, 4, and 7 in- 
duced neutralizing antibody responses to all 
3 serotypes in rabbits and humans, and re- 


t+ Human embryo trachea. 


+ Throat wash i oe 


§ Nasal wash RN. 


duced febrile respiratory disease rates in 
Navy recruits(8). 

Summary. Strains of adenovirus types 1 
through 7 were carried through at least 10 
serial passages in monkey kidney tissue cul- 
tures, yielding harvests of virus with titers of 
> 10% to 10° per 0.1 ml, and frequently CF 
antigen titers of 1:16 or higher. 
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Further Studies with Cell-Free Extracts from Mouse Spleen on X-Ray 


Induced Mortality.*t 


(22578) 


FRIEDRICH ELLINGER. 
Naval Medical Research Institute, National Naval Medical Center, Bethesda, Md. 


We have been able to offer evidence(1) in 
support of a humoral spleen factor effective 
in the recovery of mice from X-ray-induced 
mortality. In these studies it was shown that 
administration of cell-free saline extracts from 
spleens removed 6 days after exposure of the 
donor mice to the LD 30/14 days of X rays 
resulted in a definite and statistically signifi- 
cant reduction of mortality. However, ex- 
tracts made from spleens of donor animals ex- 
posed to the LD 55/14 days and removed at 
the same time after irradiation failed to show 
such protective effect. The results obtained 
with extracts from normal spleens were am- 
biguous. The ambiguity was partly traceable 
to a saline effect on X-ray mortality previ- 
ously described(2). 

Studies in which it was possible also to 
demonstrate the presence of the humoral 
spleen factor in extracts from normal mouse 
spleen tissue are here presented. 

Methods. A. Experimental Animals. Male 
white Swiss mice of the Institute stock, weigh- 
ing 25 + 4 g were used. B. Jrradiation of 
the mice took place as previously described 
in groups of 12 animals(3). The radiation 
factors were 200 KVP, 25 ma, 0.25 mm Cu 
+ 1.0 mm: Al added filter, HVL —0.8 mm 
Cu. The X-ray equipment was calibrated 
prior to each set of exposures.? All animals 
to be used for the evaluation of spleen ex- 
tracts were exposed to 425 r/air which dose 
represents, under the conditions of this ex- 
periment, the LD 78/15 days. (Table I, 
group A.) C. Spleen Extracts. Unirradiated 
or irradiated mice were killed by dislocation 


* The opinions or assertions contained herein are 
the private ones of the writer and are not to be con- 
strued as official or reflecting the views of the Navy 
Department or the naval service at large. 

+ Presented in part at Annual Meeting of Fed. 
Am. Soc. Exp. Biol., Atlantic City, N. J. April 1956. 

t+ We are indebted to CDR J. E. Morgan, MSC, 
USN, for these calibrations. 


of the neck and the spleens removed immedi- 
ately. The organs were quick-frozen with 
dry ice, ground to a fine powder in a mortar 
cooled with dry ice. Various amounts of 
0.9% saline were added resulting in concen- 
trations of one, two, etc., spleens per cc. The 
mixture remained for extraction in a refrig- 
erator for at least 24 hours and was then cen- 
trifuged at 3-5°C at 2,500 rpm for 30 min- 
utes for the removal of grosparticulate mat- 
ter. The supernatant was decanted into a 
sterile beaker and passed through a Buchner 
filter with several layers of filter paper under 
light vacuum. This filtrate was then passed 
through a Selas filter of 03 porosity under 
heavy vacuum, to obtain extracts free from 
viable cells and bacterial contamination. The 
extracts were injected intramuscularly in 
amounts of 0.3 cc daily for 5 consecutive days 
starting on zero day immediately after irradi- 
ation. D. Control of reproducibility of ex- 
traction method took place by means of 
micro-Kjeldahl determinations of total protein 
and NPN content of the extracts, using a 
standard distillation method(4). E. Record- 
ing and presentation of effects of extracts on 
X-ray-induced mortality. The number of 
dead animals in each experimental group was 
recorded daily over a period of 20 days. The 
following groups were used: (a) non-medi- 
cated, irradiated animals; (b) saline-treated, 
irradiated animals; (c) spleen extract-treated, 
irradiated animals. F. Evaluation of results. 
The number of survivors in the spleen-treated 
and saline control groups of equal sizes was 
compared on the 20th postirradiation day. 
The time of comparison has been selected on 
the basis of our preliminary studies(1) show- 
ing that an effect of spleen extract was not 
noticeable prior to the end of the second post- 
irradiation week, and that no important 
changes in mortality rates occurred after this 
date. This choice was furthermore deter- 
mined by our observation that at the 20th 
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TABLE I. Comparison of X-Ray-Induced Mortality in (A) Non-Medieated, Irradiated Mice; 
(B) Saline-Treated, Irradiated Mice; (C) Normal Spleen Extract-Treated, Irradiated Mice. 
Group A Group B Group C 
Days after Non-medicated Saline controls Spleen extracts 
irradiation> 0 5 10 15 20 0 5 10 15 20 0 5 .10 15 20 
Extr D 
Exp. 1 72* 72 63 14 11 72. 74. 5a 28" 45 72 67 47 #24 22 
Extr 2D 
2 48 48 36 13 9 48 48 30 7 5 48 48 32 13 12 
Extr 4 
3 24 24 16 4 3 24° BA) 1215 eS 8s 24 24—C(iaB OG 
Totalanimals 144 144 115 31 23 144 143 104 28 23 144 139 102 42 39 
alive 
Mortality, % 0 0. 20 78 83 0 1 28 80 83 0 3 29 70 7 


* No. of survivors. 


postirradiation day, 100% of the survivors of 
an exposure to 425 r/air were 2 + 1 animal 
in 12 groups of 12 mice each. This consis- 
tency in the number of survivors among ir- 
radiated non-medicated controls appeared ad- 
vantageous to the study of deviations in the 
number of survivors caused by medication of 
irradiated animals. 

Results. 1. Influence of saline injection on 
mortality produced by standard X-ray dose. 
In view of the previously described saline ef- 
fect on X-ray mortality (2), it appeared neces- 
sary to ascertain whether or not injection of 
a volume of saline equal to that of the spleen 
extracts would influence the X-ray-induced 
mortality under the conditions of the present 
experiment. Comparison of groups A and B 
of Table I shows that saline did not alter the 
X-ray-induced mortality significantly. 

2. Effect of extracts from unirradiated 
mouse spleens on X-ray mortality. For eval- 
uation of the effect of extracts made from nor- 
mal mousespleens, the following preparations 
were used: 1 spleen/cc, 2 spleens/cc, and 4 
baby mouse$ spleens per cc of saline, repre- 
senting the extracts designated as D, 2D, and 
4D respectively. The data obtained are sum- 
marized in column C of Table I (Exp 1-3). 
In each group there were more survivors in 
the spleen-treated group of animals than in 
an equally large group of simultaneously ob- 
served saline controls. While the differences 
in each of these groups are not of statistical 
significance, these observations indicate a 


§i.e., mice 2 to 3 days of age. 


definite trend toward higher survival in the 
spleen-treated animals. Comparison of total 
experience for groups B and C, comprising 
144 spleen-treated and 144 saline controls, 
shows that there were 39 survivors among the 
spleen extract-treated animals and 23 among 
the saline controls. The difference between 
39 and 23 is significant since %7 — 4.6246; 
= 0.02 to 0.05. 


3. Effect of extracts from spleens from ir- 
radiated donor animals on X-ray mortality. 
Donor animals were exposed to the LD 55/14 
days which, under the conditions of our ex- 
periment, was represented by 410 r/air. 
Spleens were removed on the 6th and 10th 
day after irradiation, respectively. The ex- 
tracts were designated as DN¢/410 r and 
DX40/410 r respectively, the letter D indi- 
cating that one spleen was extracted with 1 
cc of saline; X stands for irradiation; the 
subscript indicates day of removal of spleens 
from the donor mice exposed to the X-ray 
dose shown after the slant. The results ob- 
tained with these extracts (Exp 4 and 5) are 
shown in Table IT. No difference was found 
in the number of survivors of either of the 2 
spleen-treated groups when compared with 
their respective saline controls. 

4. Reproducibility of spleen extraction 
method. ‘To ascertain the reproducibility of 
the spleen extracts a determination was made 
of total protein and NPN content of the ex- 
tracts. The following averages were found: 
spleen weight 135 mg (120-160), total pro- 
tein 975 mg % (710-1,290), and NPN con- 
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TABLE II. Comparison of X-Ray-Induced Mor- 

tality in Saline-Treated, Irradiated Mice with That 

of Irradiated Mice Treated with Spleen Extracts 
from Irradiated Donor Animals. 


Group B Group © 
Days after Saline controls Spleen extracts 
IDtadet en OO a Oe LS: 320) AON bie Osta 0: 
Ee ano -Extr DX6/410r 
Exp. 4, 48% 48 36 10) 9) 948° 48° 30) 13 99 


Extr DX,)/410 r 
Di 86186720") hy 7 SON SOR 2S nC OMT, 


Totalani- .84 84 56 17 16 84 84 53 22 16 
mals alive 


* No. of survivors. 


tent 54.5 mg % (41.6-70.0). These data in- 
dicate a reasonable reproducibility of this 
relatively crude extraction method. To ob- 
tain information on quantitative aspects of 
the extraction method, similar determinations 
were made in extracts where 2 spleens were 
extracted with 1 cc of saline. Two determina- 
tions of total protein and NPN in such ex- 
tracts resulted in averages of 1,850 mg % of 
total protein (1,800-1,900), and 98.4 mg % 
of NPN (83.8-113.0). The chemical analysis 
thus indicates a satisfactory reproducibility 
of the extraction method also from the quan- 
titative aspect. This view is furthermore sup- 
ported by the data on baby mouse spleens. 
Average weight of the baby mouse spleens was 
only 18 mg, % the average weight of the 
adult mouse spleens. 

Concentration of spleen in ae preparation 
using 4 baby mouse spleens is about % that 
from 1 adult mouse spleen using 1 spleen/cc. 
Total protein content in the 3 determinations 
averaged 427 mg% (350-490) and NPN 30 
mg % (29.0-31.7). These values are one- 
half of averages shown for D extracts and 
further indicate reproducibility of the extrac- 
tion method. Finally data obtained from the 
study of extracts made with one spleen from 
an irradiated animal per cc are given. The 
average weight of these spleens was 44.7 mg 
(38-55), roughly 1% of the average weight of 
the unirradiated spleens. Average values for 
total protein and NPN were 253 mg% (220- 
270) and 12.9 mg % (5.1-17.2), respectively, 
about 1% the average values found for normal 
spleens. The definitely lower total protein 
and NPN content of this preparation in con- 
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trast to the preceding ones is noteworthy. 


Discussion. In this study the existence of 
a humoral factor in cell-free saline extracts 
made from spleens of unirradiated mice has 
been clearly demonstrated. These results 
round out our preliminary studies in which 
the presence of this factor was not demon- 
strated due to technical difficulties. It ap- 
pears noteworthy that spleen extracts vary- 
ing over a wide range in their protein and 
NPN content offer protection against X-ray 
doses which would otherwise kill about 78% 
of mice on the 15th day after irradiation. The 
significance of the data here presented ap- 
pears to be enhanced by the fact that spleen 
extracts made from ete S reno from 
donor animals exposed to an X-ray dose kill- 
ing about 55% of the animals within 14 days 
failed to show a protective effect, in line with 
our previous observations(1). The failure of 
these extracts to protect is paralleled by the 
results of the chemical studies of extracts 
made from these irradiated spleens which 
show a total protein and NPN content of 
about % that found in equally prepared ex- 
tracts from normal spleens, while spleen con- 
centration amounted to roughly 1%. 


It would be tempting to assume that the 
spleens reduced in weight by irradiation to 
Y% of average weight of normal spleens are 
deficient in this humoral factor. However, 
such a statement could only be made with 
certainty if extracts made from irradiated 
spleens in concentrations equal to those made 
from normal mice would also show reduction 
in protective effect. Unfortunately, technical 
difficulties (irradiation of the very large num- 
bers of donor mice necessary to obtain suf- 
ficiently large amounts of extracts) prevented 
the use of such concentrated extracts from 
irradiated spleens. The question therefore 
remains whether the differences between ef- 
fects of extracts made from spleens of unir- 
radiated and irradiated donor animals are 


merely due to a quantitative difference in con- 


centration of the extractable factor, or 
whether the irradiated organ, shrunk to one- 
third of normal size and consisting chiefly of 
fibrous tissue, is functionally deficient with 
respect to elaboration of the humoral factor. 


— ~eF 


SCHULTZ-DALE REACTION AND SEROTONIN RELEASE 


Our previous experiences(1), in which a pro- 
tective spleen extract was obtained from or- 
gans of irradiated animals which were in an 
active stage of regeneration and reduced to 
only one-half or less of the average normal 
spleen size, support the last assumption. 
Summary and conclusions. 1. Continuing 
previous studies, employing improved _bio- 
assay methods, the protective effect of cell- 
free saline extracts made from spleens of nor- 
mal mice against X-ray-induced mortality in 
this species has been demonstrated. 2. Ex- 
tracts made from the spleens of donor animals 
exposed to an X-ray dose which killed 55% 
of the donor animals in 14 days failed to show 
a protective effect, which was in agreement 
with previous observations. 3. A certain 
amount of parallelism between the protective 
effect of various extracts made from normal 
mouse spleens and the failure to protect of 
those made from irradiated mouse spleens was 
found in studies of the total protein and NPN 
content of such extracts. 4. It appears that 
within a wide range of concentration of total 
protein and NPN content such protection can 
be achieved. 5. However, reduction of aver- 
age content of total protein and NPN below 
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one-half of lowest average value for normal 
spleens, ascertained in samples made from 
spleens of irradiated donor animals, was 
found to be associated with a lack of protec- 
tion. Whether this failure is due merely to 
quantitative or also to qualitative differences 
in these extracts is not clear. 


Since the writing of this paper, an article by Allen 
et al. appeared in Science, 1956, v123, 1080, in which 
postirradiation protection of rabbits with plasma ob- 
tained from the splenic vein has been reported. Pres- 
ence of a humoral spleen factor has thus been indi- 
cated in another animal species with a different 
method. 

Technical assistance rendered by W. A. Sterling, 
R. L. Devault, R. Crutcher, and personnel of the 
Radiation Technology Division is acknowledged with 
thanks. 
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Anaphylaxis in the Mouse: Possible Relation of the Schultz-Dale Reaction 


to Serotonin Release.* 


(22879) 


Mary ALEXANDER FINK. 


Department of Microbiology, University of Colorado Medical School, Denver. 


The evidence against the release of hista- 
mine in mouse anaphylaxis has been sum- 
marized(1). The purpose of the experiments 
reported here is to determine, using the 
Schultz-Dale technic, whether or not the sub- 
stance responsible for contraction of the sensi- 
tized mouse uterus in the presence of antigen 
is serotonin (5-hydroxytryptamine). 

Materials and methods. The virgin female 
mice were of the DBA or BALB/c strains, 
and were over 6 months of age when used. 


* This work was supported in part by the American 
Cancer Society upon recommendation of Committee 
on Growth of National Research Council. 


The mice were immunized intramuscularly in 
the hind legs with alum-precipitated egg 
white, as previously described(1). This tech- 
nic of immunization is sufficient to render the 
mice anaphylactically sensitive to egg al- 
bumin as evidenced by the occurrence of a 
characteristic shock reaction on the intraven- 
ous injection of egg albumin(2); and by a 
contraction of the uterine smooth muscle of 
the sensitized mouse upon the addition of egg 
albumin in vitro, using the classical Schultz- 
Dale technic(1). Mice which had not re- 
ceived a prior injection of antigen never re- 
acted by either technic when egg white was 
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added. Further evidence of a real anaphylac- 
tic sensitivity was the observation of desensi- 
tization of the sensitized uterus after the ad- 
dition of antigen(1). Circulating antibodies 
have been demonstrated in mice after im- 
munization under parallel conditions(3); and 
the passive transfer of sensitivity has been 
effected by the administration of antiserum 
from similarly immunized mice to normal 
mice(1). Testing for intracutaneous sensi- 
tivity in the immunized mouse has repeatedly 
given negative results. 

The technic used in the Schultz-Dale reac- 
tion, as previously described(1) consists, in 
brief, of attaching one-half of one uterine 
horn from the mouse to a lever in a water 
bath, and recording the contractions on a ky- 
mograph prior to and during the addition of 
the antigen. 

Because this study is specifically intended 
to demonstrate drug inhibition of the anaphy- 
lactic reaction on known sensitized uteri, the 
criterion selected for determining sensitivity 
to egg white was the demonstration of a posi- 
tive Schultz-Dale reaction on one or 2 of the 
4 uterine strips. Only those mice were used 
which fulfilled this criterion. When normal 
mice were used to test drug sensitivity, it is 
so noted in the text. 

Results. Reactivity of mouse uteri to sero- 
tonin. Serotonint was dissolved in Ringer’s 
solution, and the reactivity of normal and of 
sensitized uteri determined. It was found 
that a dose of 0.05y/ml of bath was always 
sufficient to produce a good contraction in 
normal or sensitized uterine strips. Some 
strips reacted equally well to a smaller quan- 
tity. This amount is similar to that required 
to stimulate the mouse jejunum(4) and the 
rat uterus(4,5,6). Inhibition of serotonin con- 
traction with lysergic acid diethylamide 
(LSD) and with reserpine. The addition of 
LSD: in a concentration of 3y/l was suf- 
ficient to prevent the reaction to 0.05-0.ly/ 
ml of serotonin when LSD was added immedi- 


t+ Serotonin creatinine sulfate, Nutritional Bio- 
chemicals Corp., Cleveland. Concentration calcu- 
lated on weight as 5-hydroxytryptamine. 

¢ L.S.D.25, Sandoz Chemical Works, Inc., Hanover, 
NF: 
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ately before the serotonin; ly/l was suf- 
ficient when the serotonin was added 
after 5 minutes had elapsed. These find- 
ings are comparable to those of  pre- 
vious workers(5-7) for the rat uterus. Reser- 
pine’ in a concentration of 5 mg/l was suf- 
ficient to antagonize the reaction to 0.05- 
O.ly/ml of serotonin when in contact with 
the uterus for 5 minutes prior to addition of 
serotonin. This amount is 5 times greater 
than that reported recently by Costa(7) as 
being necessary to antagonize the serotonin 
contraction of the rat uterus; smaller concen- 
trations were not tested here. Jnhibition of 
anaphylactic contraction with LSD and with 
reserpine. A total of 16 sensitized mice were 
used: 6 were tested by showing positive reac- 
tions to egg white on 2 of the 4 uterine strips, 
and complete inhibition of anaphylaxis in the 
presence of 1-3y/l1 of LSD on the other 2 
strips; 6 were tested similarly, using 5 mg/l 
of reserpine; one strip from each of the re- 
maining 4 mice was tested to demonstrate the 
anaphylactic contraction, one strip was tested 
in the presence of LSD, and one in reserpine. 
Following each test in the presence of drug, 
the reaction of the strip to serotonin and to 
10y/ml of acetylcholine(1) was tested. Uter- 
ine strips tested in the absence of drug gave 
uniformly positive Schultz-Dale reactions on 
the addition of egg albumin. In all of the 10 
mice tested with LSD, 6 in duplicate, the re- 
action to egg albumin was completely inhib- 
ited; in all of the 10 with reserpine, identical 
inhibition was shown. The drugs inhibited 
the reaction to serotonin in every case, and 
never inhibited the reaction to acetylcholine. 


Discussion. The evidence against the im- 
portance of histamine in mouse anaphylaxis 
consists primarily of the fact that the intact 
mouse and the isolated uterine strip of the 
mouse are sensitive only to enormous doses of 
the drug, that the body of the mouse prob- 
ably does not contain sufficient histamine to 
produce a reaction, and that anaphylaxis in 
the intact mouse or on the isolated uterine 


§ Reserpine, Nutritional Biochemicals Corp., Cleve- 
land. Dissolved in equal parts ethylene glycol and 
ethyl alcohol with 0.02% HCl 1-500 dilution in tissue 
bath. 
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strip cannot be inhibited by antihistaminic 
drugs. 

It has been shown in this study that the 
isolated uterine strip is sensitive to 0.05y/ml 
of serotonin, while a concentration of hista- 
mine of 50y/ml(1) is necessary to produce a 
reaction. Thus the isolated tissue of the 
mouse is 1,000 times more sensitive to sero- 
tonin than it is to histamine. This sensitivity 
is completely abolished with the serotonin an- 
tagonists LSD and reserpine; and the ana- 
phylactic contraction is completely inhibited 
in the presence of these drugs. Serotonin is 
the only substance known to be inhibited by 
these two drugs. It has also been shown(6) 
that the tissues of the mouse contain a quan- 
tity. of serotonin easily sufficient to produce 
the anaphylactic response. These findings 
support the hypothesis that the anaphylactic 
reaction in the mouse is dependent on the re- 
lease of serotonin. 

Summary. (1) The egg white sensitized or 
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normal mouse uterus is 1,000 times more sen- 
sitive to serotonin than it is to histamine, (2) 
This sensitivity is completely abolished in the 
presence of two known serotonin antagonists, 
LSD and reserpine. (3) LSD and reserpine, 
which as far as is known inhibit only sero- 
tonin, always and completely prevented the 
anaphylactic contraction on strips of demon- 
strably sensitized uterus in the ten trials with 
each drug. 
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The discovery of a causal relationship be- 
tween maternal rubella and fetal pathology in 
human beings(1) has led to an experimental 
investigation of the role played by infectious 
agents in the production of congenital mal- 
formations. Recent studies concerning viral 
teratogenesis have resulted in the finding that 
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Present address of H. D. Heath, Stanford University, 
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characteristic developmental abnormalities 
and death follow infection of early chick em- 
bryos with the PR8 strain of influenza-A virus 
(2,3). Moreover, the induction of these tera- 
togenic effects has been prevented by neutral- 
ization of the virus with specific antiserum, 
thus providing evidence that the virus was 
the cause of the syndrome(3). In addition, 
Newcastle disease virus has also been found 
to produce specific malformations in this em- 
bryonic host(4-6). In view of these results, 
experiments were conducted in this laboratory 
to determine whether the induction of terato- 
genic and lethal effects may be a property of 
other viruses as well. It is the purpose of this 
paper to describe the effects produced by in- 
fection of early chick embryos with herpes 
simplex, vaccinia, the NWS strain of influ- 
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FIG. 1. Schematic presentation of method employed for inoculation of 48-hr chick embryos. 


enza-A and distemper viruses. 

Materials and methods. Inoculation of em- 
bryos. Embryonated hens’ eggs, which had 
developed to stages 11-14 as described by 
Hamburger and Hamilton(7) after incuba- 
tion at 37.5°C for 48 hours, served as the ex- 
perimental hosts. The method of preparation 
and injection is shown schematically in Fig. 1. 
Following injection, eggs were reincubated 
and observed daily by temporarily removing 
the scotch tape “window” covering the site of 
inoculation. A more complete description of 
the inoculation procedure as well as the meth- 
od of observation has been presented in a 
previous publication(3). Viruses. Three of 
the viruses investigated were obtained from 
12-day-old embryonated eggs which had been 
infected 2 days earlier. Of these, the HF 
strain of herpes simplex virus and an egg- 
adapted strain of vaccinia virus were em- 
ployed in the form of suspensions of tritur- 
ated chorioallantoic (C-A) membranes, while 
infective allantoic fluid served as the source 
of the NWS strain of influenza-A virus. The 
herpes and NWS viruses had been maintained 
previously by intracerebral passage in mice. 
The fourth agent studied, an egg-adapted 
strain of distemper virus (Lederle), was pre- 
pared by trituration of C-A membranes ob- 
tained from 14-day-old embryonated eggs 
which had been infected 7 days previously. 
All viruses were maintained in frozen storage 


at —40°C. When required for use, the 
frozen material was permitted to thaw at 
room temperature and diluted with Difco 
Brain Heart Infusion (B.H.I.) medium con- 
taining 500 units of penicillin and 100 ug of 
streptomycin per ml. Controls. B.H.I. me- 
dium, a 10+ concentration of uninfected al- 
lantoic fluid and a 20% suspension of unin- 
fected triturated C-A. membranes were em- 
ployed as control inocula. All dilutions were 
prepared with B.H.I. medium to which anti- 
biotics had been added. As an additional 
control, concentrations of virus known to uni- 
formly produce anomalies and/or lesions 
(10° herpes, NWS, and vaccinia; 20% dis- 
temper) were subjected to heat exposure prior 
to inoculation of embryos. Heat inactivation 
was accomplished by placing tubes of virus 
in a water bath at 60°C for 1 hour. Virus re- 
covery. To provide evidence that anomalies 
and/or lesions were associated with viral in- 
fection of the embryo, titration studies of em- 
bryonic pools were conducted. Accordingly, 
4 groups of 48-hour embryos were inoculated 
with each of the viruses under study employ- 
ing as inocula 10+ concentrations of herpes, 
NWS, and vaccinia viruses and a 20% sus- 
pension of distemper virus. C-A membranes 
of 5 embryos infected with distemper virus 
were pooled 7 days after inoculation, while 
pools were made of 5 anomalous dead embryos 
within each of the remaining 3 groups 2-3 
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TABLE I. Incidence of Teratogenie and Lethal Effects upon Early Chick Embryos Produced 
by Infection with Herpes Simplex, Vaccinia, and Influenza-A (NWS) Viruses. 


No.of Effects Days following inoculation 
Virus and cone, embryos observed* 1 2 3 4 5 6-14 
10+ Herpes simplex 45 (A) 93 100 
(D) 4 100 
10° 32 (A) 100 
(D) 0 97 100 
10° 24 (A) 75 96 100 
(D) 0 79 96 100 
LG" 30 (A) 27 93 100 
(D) 0 57 93 100 
TOs 22 (A) 9 27 36 55 55 55 
(D) 0 9 23 64 86 86 
10° 20 (A) 0 10 20 20 25 25 
(D) 0 0 15 25 40 50 
107 19 (A) 0 0 0 5 5 5 
(D) 0 0 0 5 5 5 
10+ Vaccinia 10 (A) 100 
(D) 100 
LO? 17 (A) 94 100 
(D) 0 100 
LOS 22 (A) 55 100 
(D) 0 100 
HOR 43 (A) 12 88 98 98 98 98 
(D) 0 58 98 100 
LOr 25 (A) 20 52 56 56 56 56 
(D) 0 16 80 88 100 
10° 28 (A) 4 alae 14 14 14 14 
5 (D) 0 4 7 ali 18 18 
1077 16 (A) 0 0 6 6 6 6 
(D) 0 0 1) 19 19 19 
Loe i) (A) 0 0 11 atl 11 11 
(D) 0 0 5 11 fh 16 
10“ Influenza NWS 14 (A) 50 100 
(D) 0 86 100 
LO 29 (A) 14 90 100 
(D) 0 48 93 100 
LO 27 (A) 26 93 100 
(D) 0 41 100 
AOe 19 (A) 5 21 47 47 47 47 
(D) 0 5 69 84 89 89 
10s 15 (A) 0 13 20 33 33 33 
(D) 0 0 13 40 47 53 
107 20 (A) 0 0 0 0 0 0 
: (D) 0 0 5 10 20 25 
LO 14 (A) 0 0 0 0 0 0 
(D) 0 0 0 0 0 8 


* (A) designates % of anomalous (miereneephaly and/or axial flexion) embryos in each di- 
lution while (D) indicates % dead within that group. 


days after inoculation. All embryonic tissue 
pools were ground and then serially diluted 
with B.H.I. medium containing antibiotics in 
preparation for titration. With the exception 
of the distemper membrane pool, in which 
case 7-day embryonated eggs were employed, 
titrations of virus in each embryonic pool 
were conducted in 11-day eggs. The recov- 


ery of herpes, vaccinia, and distemper viruses 
was established by the detection of the char- 
acteristic lesions produced by each on the C-A 
membrane. The detection of NWS virus in 
the allantoic fluid was accomplished by the 
hemagglutinating method. 

Results. Infection with herpes simplex, 
vaccinia and the NWS strain of influenza-A 
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FIG. 2. Embryos after 4 days incubation. A. Uninfected control embryo showing well-devel- 


oped brain and normal curvature of spinal axis. 


B. Embryo infected 48 hr previously with 


herpes simplex virus, showing flattened brain vesicles, axial flexion, and antero-posterior com- 
pression of eyes and auditory vesicle. C. Embryo infected 48 hr previously with vaccinia virus, 


showing micrencephaly, axial flexion, and optic and auditory damage. 


D. Embryo infected 48 


hr previously with influenza-A (NWS) virus, showing swollen auditory vesicle in addition to 
micrencephaly and axial flexion. 


viruses produced teratogenic effects which 
were quite similar to those previously de- 
scribed for the PR8 strain of influenza-A 
virus(2,3). In most cases, the first indication 
of infection was the appearance of a dorsal 
flexion of the body axis at the level of the 
wing buds or middle trunk region. The brain 
subsequently sustained extensive damage 
leading to more or less pronounced micren- 
cephaly through the collapse of the major 


brain vesicles, 7.e. the telencephalon and 
mesencephalon. The growth of the amnion 
was retarded in a majority of cases, although 
it appeared to have closed normally in others. 
In a few cases, the amniotic sac became tur- 
gid through internal fluid pressure. Thus, at 
the time of death infected embryos typically 
exhibited extreme axial flexion and advanced 
micrencephaly shown in Fig. 2. Table I 
shows that the incidence of anomalous devel- 
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FIG. 3. Lesions on chorionic membrane directly overlying 4-day-old embryo inoculated 2 days 


previously with influenza-A (NWS) virus. 


opment, time until appearance of anomalies, 
and time until death were functions of the 
virus dilutions employed. Once anomalies 
became apparent, subsequent growth of the 
_ embryo proceeded at a slow rate until death 
supervened. Infected embryos which failed 
to show anomalies by the sixth day appeared 
normal at death. 


There were, however, minor differential ef- 
fects which were characteristic of each virus. 
Herpes simplex virus. When herpes simplex 
virus was used as the inoculum, the major 
damage was similar to that produced by the 
other viruses, but the eyes tended to become 
compressed along their antero-posterior axis 
in a higher percentage of cases than was ob- 
served with the influenza-A or vaccinia 
viruses (Fig. 2B). The auditory vesicles of 
practically all herpes-infected embryos under- 
went severe damage and became very small 
white masses of tissue during the infection. 
Vaccinia virus, When embryos were infected 
with vaccinia virus, the eyes occasionally be- 
came flattened medio-laterally, and the audi- 
tory vesicles were in many instances either 


small and opaque or markedly compressed 
(Fig. 2C). The amnion sometimes appeared 
abnormally opaque along its free border with 
pox-like, raised lesions observable at the time 
of death. Jnfluenza-A (NWS strain) virus. 
A striking effect, not noted when any other 
virus was employed, could be observed in em- 
bryos inoculated with NWS strain virus. 
About 2 days after injection, small, discrete, 
white lesions appeared on the extra-embryonic 
membranes in most cases, and frequently be- 
came contiguous and much enlarged by the 
time of death (Fig. 3). In addition, patches 
of whitish tissue could sometimes be seen 
along the borders or within the limb buds, in 
the branchial area, as well as near or in the 
somites and neural tube walls. The develop- 
ing eyes frequently appeared flattened medio- 
laterally and were irregular in outline. The 
auditory vesicles were swollen in many cases, 
a condition not noted in embryos infected 
with the other viruses employed (Fig. 2D). 

When tissue pools obtained from anoma- 
lous dead embryos infected with herpes, vac- 
cinia, and NWS viruses were titrated it was 
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FIG. 4. Lesions on C-A membrane of 8-day-old embryo inoculated 6 days previously with dis- 
temper virus. 


found that all 3 agents had undergone multi- 
plication in the embryo during the period of 
“acquired” teratism to the extent that such 
pools could be diluted at least 10° and still 
yield detectable virus. Significantly, these 3 
viruses, following heat inactivation, failed to 
evoke teratogenesis. 

Unlike the other 3 viruses, distemper virus 
suspensions failed to produce in the embryo 
itself any gross morphological anomalies ob- 
servable under the dissecting microscope. 
However, 4 or 5 days after injection of a 20% 
suspension of virus, small spot or thread-like 
lesions began to appear on the C-A mem- 
brane. During the next few days, these le- 
sions grew in size and coalesced to form the 


large, ulcerative areas on the surface of the 
membrane (Fig. 4) which characterize dis- 
temper infection in older embryonated eggs 
(8). In a few cases, similar though smaller 
lesions could be detected on the amnion as 
well. It can be seen from Table II that al- 
most all embryos possessed C-A lesions 
7 days after inoculation with the 20% virus 
suspension, and that many had succumbed to 
the infection by that time. Most of those re- 
maining had died by the tenth day, and all 
were dead 2 weeks after injection. Similarly, 
all embryos which developed C-A lesions fol- 
lowing inoculation with 2% and 0.2% sus- 
pensions subsequently died of the infection. 
However, a number of embryos apparently 


TABLE II. Effect of Distemper Virus Infection upon Harly Chick Embryos. 


Virus No. of Effects Days following inoculation 
cone. (%) embryos observed” 3 a: 5 6 7 8 9-13 14-18 
20 43 Gao" 0 9 © 37°. 60. © 984) 100 

(D) 0 0 0 2 21 74 98 100 

2 21 (L) 0 10 19 29 67 81 81 81 
(D) 0 0 0 0 19 43 67 81 

2 8 (LL) 0 0 0 13 38 38 38 38 

(D) 0 0 0 0 0 13 38 38 


* (L) designates % with C-A lesions in each dilution group while (D) indicates % dead 


within that group. 
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TABLE III. Effect of Control Inocula upon Early 
Chick Embryos. 


J dead on days fol- 


No. of lowing inoculation 
Tnoculum embryos 1 2 3 4 5 6-14 
- B. H. 1. medium 40 SieO) 88) 2o) 1 8 
Normal allantoic 43 OR MOL ROOD. D 
fluid (10~*) 

Normal C-A mem- 47 BB ROS ae, 
branes (20% susp.) 

Total 130 ib, 9 2) ani ye ey ng 


escaped infection completely, with the per- 
centage of survivors inversely proportional to 
the virus concentration employed. The C-A 
lesions which were produced as a result of dis- 
temper infection in 48-hour embryos were 
shown to contain active virus. Inoculation of 
such membrane pools into 7-day embryos pro- 
duced the characteristic lesions of distemper 
(8). Significantly, heat inactivated distem- 
per virus was not capable of producing C-A 
lesions. 

As shown in Table III, about 7% of control 
embryos inoculated with B.H.I. medium or 
suspensions of uninfected allantoic fluid or 
C-A membranes subsequently died within 14 
days. Indications of retarded embryonic 
development or operational injury (7.e., dam- 
aged blastoderm) were almost always asso- 
ciated with these incidental deaths. Although 
such deaths were occasionally accompanied 
by aberrant embryonic development resemb- 
ling virus disease, these anomalies were read- 
ily distinguishable from the latter. Similar 
incidental mortality occurred in about 7% 
of those embryos which were inoculated with 
virus suspensions, and such cases were there- 
fore not included in the data presented in 
Tables I and II. Deaths occurring after 14 
days were randomly distributed in control 
and virus groups alike. The majority of such 
deaths are probably due to incubation dif- 
ficulties associated with collapse of the air 
sac, such collapse being a requisite of the op- 
erational procedure. 


Discussion. Infection with herpes simplex, 
vaccinia, and the NWS and PR8 strains of 
influenza-A viruses evokes teratogenesis and 
death in the early chick embryo. The fact 
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that these viruses all produce the same major 
syndrome, including micrencephaly and axial 
flexion, indicates that they may share the 
ability to attack the same morphogenetic cen- 
ters during critical stages of embryonic de- 
velopment. However, minor differences in 
pathology were observed which suggest that 
the teratogenic effects of one virus may, in 
some instances, be differentiated from those 
of another. For example, embryos infected 
with the NWS strain of influenza-A character- 
istically developed lesions on the extra-em- 
bryonic membranes as well as in certain re- 
gions of the body itself while those inoculated 
with the PR8 strain never exhibited this ef- 
fect(2,3). Similarly, compression of the eye, 
when it occurred, was generally medio-lateral 
in the case of vaccinia and the influenza 
viruses while it was usually antero-posterior 
in the case of herpes simplex. Moreover, 
other investigations showing that infection 
with Newcastle disease virus preferentially af- 
fects the lens, auditory vesicles, and other 
structures to a lesser degree(4-6) provide 
even more striking evidence that different 
viruses may attack different sites. 


The phenomenon of “acquired” teratism 
appears to be dependent upon the presence of 
an active viral agent since herpes, vaccinia, 
and NWS viruses all failed, following heat in- 
activation, to produce anomalies in suscep- 
tible embryos. That these agents undergo 
multiplication in the embryo was borne out 
by titration studies which showed that the 
virus concentration rose at least 100-fold dur- 
ing the period in which teratogenesis occurred. 


The ability of some viruses to produce 
anomalous development of the early chick 
embryo should not imply, however, that tera- 
togenesis may result from any virus infection. 
Distemper virus, for example, evoked no gross 
teratogenic effects but produced a lethal in- 
fection characterized by ulcerative lesions on 
the C-A membrane. Similar lesions are known 
to result when the egg-adapted strain of dis- 
temper virus is inoculated onto the C-A mem- 
brane of older embryos(8), but death rarely 
occurs. The ability of the infection to kill 
younger but not older embryos may lie in the 
greater susceptibility of the metabolic 
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processes of the early chick embryo to the 
pathogenic effects of the virus(9). 

It is noteworthy that the virus strains 
which have been shown in this laboratory to 
produce anomalous development of early em- 
bryos following injection through the vitel- 
line membrane were also capable of produc- 
ing a lethal infection in older (9-10 day) em- 
bryos when introduced extra-embryonically. 
Newcastle disease virus also shares this prop- 
erty(5,6). On the other hand, distemper 
virus, which did not regularly produce death 
in older embryos, has not been shown to pro- 
duce teratogenic effects in early embryos, 
under the experimental conditions so far em- 
ployed. The results observed with distemper 
are quite similar to the data reported for 
mumps virus(2). The latter agent, although 
undergoing multiplication in the allantoic 
sac, did not kill 8-day-old embryos, nor did 
it prove teratogenic in 48-hour embryos, even 
though these younger embryos succumbed to 
the infection within 5 days. It is possible, 
however, that teratogenesis might also result 
from infection with these viruses following 
sufficient modification of such factors as the 
time selected for inoculation, or the volume 
and concentration of the inoculum. 

Summary. Herpes simplex, vaccinia and 
influenza-A (NWS) viruses produced terato- 
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genic and lethal effects in the early chick 
embryo. The primary teratogenic effects of 
all 3 viruses were micrencephaly and axial 
flexion, but minor characteristic differences 
could be detected in embryos infected with 
each of these agents. Distemper virus failed 
to produce any gross embryologic changes, 
although its injection led to the development 
of ulcerative lesions on the C-A membrane 
and death of the embryo. 


1. Gregg, N. McA., Trans. Ophth. Soc. Australia, 
1941, v3, 35. 

2. Hamburger, V., and Habel, K., Proc. Soc. Exp. 
BrioL. AND Mep., 1947, v66, 608. 

3. Shear, H. H., Heath, H. D., Imagawa,)D: 1, 
Jones, M. H., and Adams, J. M., zbid., 1955, v89, 
523. 

4. Blattner, R. J., and Williamson, A. P., zbid, 
1951, v77, 619. 

5. Robertson, G. G., Williamson, A. P., and Blatt- 
ner, R. J., J. Exp. Zool., 1955, v129, 5. 

6. Williamson, A. P., Blattner, R. J., and Robertson, 
G. G., J. Immunol., 1953, v71, 207. 

7. Hamburger, V., and Hamilton, H. L., J. Morph., 
1951, v88, 49. 

8. Imagawa, D. T., Yoshimori, M., Wright, S. W., 
and Adams, J. M., Proc. Soc. Exp. Brot. AND Mep., 
1954, v87, 2. 

9. Buddingh, G. J., Ann. N. Y. Acad. Sci., 1952, 
v55, 248. 


Received May 15, 1956. P.S.E.B.M., 1956, v92. 


Free and Apparent Amino Acids in Deproteinized Plasma of Normal and 


Uremic (Nephrectomized) Dogs.* 


(22581) 


Max S. Dunn, Epwarp A. Murpuy, AND PETER F. SALISBURY. 


Chemical Laboratory, University of California and Institute for Medical Research, Cedars of 
Lebanon Hospital, Los Angeles. 


It would be of physiological and clinical 
importance to determine whether the dis- 
turbances of urea and protein metabolism, 
known to occur in uremia, are accompanied 
by abnormal levels of plasma amino acids. 
Although total amino nitrogen is not elevated 


* This work was aided by grants from Am. Cancer 
Soc., U. S. Public Health Service, Swift and Co. and 
the University of California. The authors are in- 
debted to Mrs. Aiko Schick for technical assistance. 


consistently in the blood of uremic patients 
(1,2), it appears possible that individual 
amino acids may vary markedly. Levenson 
et al.(3) observed that plasma amino nitro- 
gen was near normal in patients with severe 
battle wounds and renal failure although 
plasma urea concentrations were as much as 
30 times normal. All plasma amino acids 
were not depressed or elevated at any time 
but the concentration of some individual 
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amino acids rose during the first week. 
Schmidt e¢ al.(4) reported that the concentra- 
tion of arginine, phenylalanine and _ ty- 


-rosine in uremic plasma was more than 


double that in normal plasma although 
considered to be within normal limits. Ac- 
cording to Stein and Moore(5), the concen- 
tration of glycine was elevated in cystinuria 
and of phenylalanine in phenylpyruvic oligo- 
phrenia although the levels of free amino acids 
in the plasma of patients suffering from a 
number of diseases were within the normal 
range. 

Deficiency of even one “essential” amino 
acid in the blood of uremic individuals could 
lead to decreased protein synthesis and ex- 
plain certain clinical features of the uremic 
syndrome (¢.g., poor wound healing, dimin- 
ished antibody formation and decreased 
hemoglobin synthesis). On the other hand, 
excess of an amino acid might contribute to 
the toxicity of uremia. Plasma from normal 
dogs and from dogs rendered uremic by ne- 
phrectomy was employed in the studies re- 
ported here in order to minimize the variabil- 
ity characteristic of human uremic patients. 

Choice of analytical method was an impor- 
tant consideration in the present study where 
the primary objective was to characterize 
uremic plasma in terms of its normal and any 
abnormal metabolites with particular empha- 
sis upon free and combined amino acids. 
Although Redfield and Barron(6) have shown 
that amino acids may be determined satisfac- 
torily in hydrolysates of a purified protein 
(bovine serum albumin) by paper chromatog- 
raphy this method, according to Evered(7), 
is subject to large errors with biological fluids. 
Stein and Moore(5) have reported that nearly 
all of the 28 ninhydrin-positive substances in 
filtrates from normal human plasma were de- 
termined by column chromatography using a 
sulfonated polystyrene resin (Dowex 50-X4) 
with a calculated yield (4.02 mg %) of a- 
amino nitrogen in close agreement with the 
value (4.1 mg %) which Hamilton and Van 
Slyke(8) found by direct ninhydrin-CO. 
analysis. That the concordance of these over- 
all results may not reflect a similar degree of 
accuracy for individual amino acids is indi- 
cated by the + 10% error in recovery of 
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added amino acids and by the possibility that 
bound amino acids may have been partially 
hydrolyzed by ion-exchange catalysis(9,10). 
From their data obtained on acid hydroly- 
sates of normal protein-free plasma Stein and 
Moore concluded that although major quanti- 
ties of conjugated amino acids do not appear 
in plasma, ‘“The possibility still remains that 
certain forms of conjugated amino acids of 
unknown nature might exist in plasma and be 
removed during the deproteinization pro- 
cedure, either by being bound to the protein- 
picric acid precipitate or to the Dowex 2 
column.” Microbiological assay, rather than 
column chromatography, was selected for the 
authors’ use because of its potentialities for 
the determination not only of free amino 
acids but also of conjugated amino acids and 
possibly other types of substances stimulatory 
or inhibitory to the growth of the assay or- 
ganisms. 

Experimental. Healthy mongrel dogs, fast- 
ed overnight, were exsanguinated from the 
carotid artery under sodium pentobarbital 
(25 mg/kg) anaesthesia. The blood was re- 
ceived in siliconed vessels each containing 20 
mg of heparin per liter of blood. As soon as 
possible after exsanguination the heparinized 
blood was centrifuged, the plasma was pipet- 
ted and the residual red cell mass was dis- 
carded. The plasma was stored at —20°C, 
a temperature at which amino acids in plasma 
are stable(11). For preparation of uremic 
plasma healthy mongrel dogs were anaesthe- 
tized as described and bilateral nephrectomy 
was performed through a midline abdominal 
incision in one stage. The animals were re- 
turned to their cages and offered 20 ml per 
kilo of 15% glucose in water daily but no 
medication, or other fluid or food. Those 
animals which survived a minimum post- 
operative period of 72 hours and exhibited 
signs of uremic toxicity (e.g., twitching vomit- 
ing, convulsions) were anaesthetized with the 
minimum dose of pentobarbital, exsanguin- 
ated and the blood processed as described. 
Amino acids were determined only in those 
plasma specimens with blood urea nitrogen of 
at least 200 mg %. 

Deproteinization was effected by adding 
per ml of plasma 1.5 ml of approximately 4% 


684 AMINO AcIDS IN DEPROTEINIZED PLASMA 


TABLE I. Concentration of Apparent Amino Acids in Deproteinized Plasma of Normal Dogs.* 


Trichloroacetic 
Tungstic acid filtrate-———_, acid filtrate 
Hier(17), Hier & 
Amino acid Bergeim (11,18) Authors$ Authors 
Arginine 33 t (23-48) ¢ 4.1 (1.5-9.9) 19 (16=22) 
Aspartic acid 5.1 (1.8-9.2) 4.4 
Glutamic ” <6 27 (3.0-65) 12 
Glycine 14 (84-19) 25 
Histidine 12 (9.3-16) 11 (7.2-15) 11 
Isoleucine 13_(8.7-20) 14 (11-17) 15 
Leucine 21 (14-31) 23 (16-30) 26 
Lysine 24 (15-32) 17 (3.6-38) 40 (26-54) 
Methionine 12 (8.0-16) 5.3 (1.9-13) 9.4 (7.1-12) 
Phenylalanine 12 (7.0-18) 12 (9.9-14) 13 
Proline 14 (10-19) 16 
Serine 8.8 (2.8-14) 28 
Threonine 26 (15-35) 29 (22-37) 31 
Tryptophan 10 (7.5-13) 
Tyrosine 11 (4.5-20) 
Valine 22 (15-30) 25 (16-39) 32 (24-39) 
* Expressed in pg/ml of plasma. + Avg value. + Range of values. § Samples 


ranged from 2 pooled or 1 pooled plus 3 individual, to 3 pooled plus 5 indiyidual plasma 


samples from 13 normal dogs. 


sodium tungstate in 0.35 N H2SO, or 1.0 ml 
of 10% trichloroacetic acid solution. Each 
mixture was allowed to stand for 30 minutes 
with occasional shaking, the suspension was 
filtered on a Buchner funnel, the residue was 
washed twice with a minimum volume of dis- 
tilled water and the washings were added to 
the filtrate. The combined washings and fil- 
trate was extracted with ether to remove ex- 
cess trichloroacetic acid(12). 

Some of the solutions were assayed for 
amino acids without further treatment. Oth- 
ers were evaporated to dryness under reduced 
pressure to residual material which was taken 
up in warm distilled water and, after filtration, 
was diluted with distilled water to a volume 
estimated to contain amino acids in a con- 
centration most suitable for the microbiologi- 


cal assays. The assay procedures have been 
described(13,14). 
Results. A factor of critical importance to 


the present study concerns the capacity or in- 
capacity of deproteinizing agents to precipi- 
tate or adsorb proteins, peptides and amino 
acids from plasma. Hamilton and Van Slyke 
(8) found that picric and tungstic acids—but 
not zinc, cadmium or ferric hydroxides— 
yielded filtrates without loss of amino acids 
while Christensen and Lynch(15) reported 
that tungstic acid, picric acid and trichloro- 


acetic acid gave filtrates containing increasing 
amounts of conjugated amino acids in the 
order named. On the basis of the latter re- 
sults Henderson e¢ a/.(16) adopted tungstic 
acid as the deproteinizing agent most suitable 
for the determination of amino acids in plasma 
by microbiological assay. Stein and Moore 
(5) concluded that it was more satisfactory 
to remove proteins with picric acid than by 
equilibrium dialysis or ultrafiltration. 

In the authors’ experiments it was found 
(Tables I and IL) that the values for appar- 
ent free amino acids were higher for glutamic 
acid, lower for arginine, glycine, lysine, and 
serine and about the same for the other amino 
acids in plasma filtrates deproteinized with 
tungstic acid compared to trichloroacetic acid. 
These differences cannot be explained at 
present. 

The concentration of apparent free histi- 
dine, isoleucine, leucine, phenylalanine, threo- 
nine and valine (Table I) found in tungstic 
acid filtrates of normal dog plasma agrees 
(average difference about 8%) with that ob- 
tained by Hier(17) and Hier and Bergeim 
(11,18) under comparable conditions. That 
these values may represent approximately the 
concentration of the free amino acids is indi- 
cated by the low (average, 3.2%; range, 1.6- 
7.5%) average mean deviations from the 
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TABLE II. 
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Concentration of Apparent Amino Acids in Deproteinized Plasma of Uremic 
(Nephreectomized) Dogs and Its Relationship to That Found for, Normal Dogs. 


-——Cone. in plasma*———_, 
Trichloro- 
Tungstic acid{ acetic acidt 


Amino acid 


Arginine 8.86(5.7-15)|| 38 
Aspartic acid 7.8(3.3-19) i 
Glutamic ” 16 (6.7—-47) 
Glycine 31 (16-50) 40 
Histidine 16 (15-18) 12 
Isoleucine dive (L618) 15 
Leucine 31 (26-36) 28 
Lysine 13 (5.0-28) 16 
Methionine 4.4(1.9-12) 5. 
Phenylalanine 16 (14-18) 14 
Proline 14 (11-17) 16 
Serine 10 (6.0-18) 43 
“Threonine day <(9.7—13') 7. 
Valine 26 (21-32) 19 


0 


~ 


Ratio of cone. (uremic/normal) t 
Trichloro- 


Tungstie acid aceti¢ acid 


2.56 (1.2-3.6)|| 2.0 (1.7-2.4) 


(.16-3.0) f (1.0-2.0) 
2.7 (1.0-4.5) 1.6 

(1.3-3.0) (2.0) 
.35 (.34-.36) 

(2.8-3.4) 
2.9 (2.2-3.8) 1.6 

(.36-1.3) (.40) 
1.0 4.4 

(1.0) (.40) 
1d 1.0 

(.65) (.55) 
1.0 11 

(.60) (.50) 
.99(.71-1.4) 62 

(.26-3.0) (.55) 
.63 (.45-.78) 81 

(.24-2.1) (1.0) 
1.2 1.0 

(.52) (.50) 
1.0 (.89-1.1) 1.0 

(.88-1.3) (1.0) 
Vid (.9121,3) 1.5 

(.65-.87) (.74) 
22 26 

(.55) (.58, 1.9) ** 
94 79 

(.52) (1.0) 


t Only at approximately equal concentrations of plasma, 


t Deproteinizing agent. 


§ Avg value. Samples ranged from 2 pooled or 1 pooled plus 5 individual, to 3 pooled plus 6 
individual plasma samples from 14 nephrectomized dogs. 


|| Range of values. 


{ Range of plasma concentrations over which comparison was made. 
** Relative concentration of normal and uremic plasma samples, respectively. No data at 


equal concentrations available. 


means observed at the different levels of sam- 
ples. Similarly, the comparable average mean 
deviations for proline (not determined by 
Hier or Hier and Bergeim) and glutamic acid 
were 2.0 and 3.8%, respectively. The rela- 
tively low value (<6 y per ml) for glutamic 
acid obtained by Hier and Bergeim(18) ap- 
pears to be explained by conversion of gluta- 
mine to microbiologically inactive pyrrolidone 
carboxylic acid during autoclaving of the 
plasma filtrate(19). The authors’ relatively 
high value (average, 27 y per ml, range, 3.0- 
65 y per ml) may be due to partial hydrolysis 
of glutamine (to glutamic acid) during evap- 
oration to dryness of the acidic tungstic acid 


filtrate prior to autoclaving in the assay. 
According to Archibald(20) deproteinized 
plasma from fasting dogs contains 70-130 y 
per ml of glutamine. Similarly, the predom- 
inance of asparagine rather than aspartic acid 
in plasma(5) probably accounts for the in- 
ability of Hier and Bergeim to find detectable 
amounts of aspartic acid while the present 
authors found appreciable quantities (aver- 
age, 5.1 y per ml, range, 1.8-9.2 y per ml). 
The authors believe that low mean devia- 
tions from the mean of assay values at differ- 
ent levels of test sample signify that signifi- 
cant quantities of microbiologically active 
compounds other than the test substance were 
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MICROGRAMS PER ML, OF PLASMA 


05 Ke) 
RELATIVE CONCENTRATION OF PLASMA SAMPLE 


Concentration of apparent arginine in deproteinized plasma of normal and uremic 


Fig. 1. 
(mephrectomized) dogs. 
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LS 20 29 


A—wNormal plasma, unhydrolyzed; pooled sample from 3 dogs. 


B—Uremie plasma, unhydrolyzed; sample from 1 dog. C—Normal plasma, partially hydro- 


lyzed; pooled sample from 3 dogs. 


D—tUremie plasma, partially hydrolyzed; pooled sample 


from 5 dogs. 


not present. This criterion is believed to be 
valid, however, only for assays in which the 
plasma filtrate is assayed over at least 5-fold 
concentration of which the highest is equal to 
or greater than that of the original plasma. 
The discordant values (relatively high aver- 
age mean deviations from the means) found 
at the different levels of samples for the other 
amine acids resulted, presumably, because of 
the presence in deproteinized plasma of con- 
jugated amino acids and possibly other types 
of substances stimulatory or inhibitory to the 
growth of the assay organisms. The markedly 
different values found for apparent free ar- 
gmine (Fig. 1) at varying concentrations of 
plasma sample provide a striking illustration 
of the point that assay data of this character 
have only relative significance and that only 
at the same concentrations of plasma sample. 

The ratios (Table II) of the concentrations 
of apparent amino acids in the plasma fil- 
trates from uremic (nephrectomized) com- 
pared to normal dogs were calculated from 


values obtained only at equal concentrations 
of normal and uremic plasmas. It is of in- 
terest, however, that the ratios (Tables I and 
II) calculated for all of the plasma samples 
are of the same order of magnitude. It is evi- 
dent that the uremic to normal plasma ratios 
are significantly greater than 1 for arginine, | 
aspartic acid and glycine and are significantly 
less than 1 for glutamic acid and threonine. 
Although the ratios for glutamic acid and as- 
partic acid may be fortuitous for reasons men- 
tioned earlier in this paper, those for the other 
amino acids listed are believed to be valid. 
Supporting this view is the observation(21) 
that the activity of hippuric acid towards L. 
mesenteroides P-60 is not markedly different 
than that of glycine and the present authors’ 
(unpublished) finding that these results can- 
not be attributed to creatine, creatinine or 
urea metabolites known to be present in rela- 
tively high concentration in uremic blood. 
Whether or not these different ratios of amino 
acids plus amino acid-like components are 


_ gation in the authors’ laboratory. 
‘or not such altered concentrations of amino 


characteristic of normal compared to uremic 
human plasma filtrates is now under investi- 
Whether 


acids and any other compounds in plasma fil- 
trates which affect growth stimuli of micro- 
organisms bear any relation to the physio- 
logical or clinical aspects of uremia remains 
to be determined. 


The increased concentration of plasma ar- 
ginine in uremic dogs could be explained by 
the accumulation of urea with concomitant 
slowing of the formation of urea and ornithine 
from arginine. The expectation that there 
would be an accompanying low concentration 
of ornithine in plasma is now being investi- 
gated. Although there is no obvious explana- 
tion for the accumulation of apparent glycine 
in uremic plasma it is known that excessive 
glycine produces toxic effects. The low con- 
centration of threonine and, possibly, methi- 
onine in uremic dog plasma may be a factor 
in decreasing protein synthesis. 


Summary. 1. Microbiological assay pro- 
cedures were found to be applicable to the 
determination of free amino acids in depro- 
teinized plasma but only in the absence of in- 
terfering substances. The apparent (relative) 
values obtained in the presence of interfering 
substances were shown to be meaningful but 
only when determined over a wide range of 
concentration of plasma filtrates. 2. It was 
concluded that the concentration of some free 
amino acids (histidine, isoleucine, leucine, ly- 
sine, phenylalanine, proline, serine and val- 
ine) was not significantly different but that of 
some apparent amino acids was higher (ar- 
ginine and glycine) and others (methionine 
and threonine) lower in the deproteinized 
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plasma of uremic (nephrectomized) compared 
to normal dogs. 
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The protective effect of intravenous admin- 
istration of bone marrow or spleen cell sus- 
pensions after an otherwise lethal dose of x- 
irradiation is well established. Such protec- 
tion is usually associated with rapid hemato- 
poietic recovery. Early observations usually 
involved short term protection using cell sus- 
pensions from the same strain of animals as 
the irradiated recipient. Later it was re- 
ported that some degree of irradiation protec- 
tion could be obtained with homologous? and 
even heterologous marrow(1-4). Barnes and 
Loutit(5-6) failed to obtain protection with 
heterologous spleen or marrow, and have 
called attention to the importance of evalu- 
ating protection with homologous marrow be- 
yond the usual 30 day end-point. It is well 
established that most tissues of one inbred 
strain of mice may ordinarily be transplanted 
with success to all other members of the same 
inbred strain, but not to members of another 
strain, unless that strain contains all of the 
histocompatibility genes of the donor strain 
(7). Thus, tissue may be transplanted suc- 
cessfully from either inbred parent strain to 
the F, hybrid, but not vice versa. Main and 
Prehn have reported that in mice protected 


* This investigation was supported by a research 
grant from the Nat. Cancer Inst., U.S.P.H.S. 

+ Preliminary report presented at April, 1956 meet- 
ing of the Am. Assn. for Cancer Research (Proc. Am. 
Assn. Can. Res., 1956, v2, 153). 

** The author is indebted to Drs. A. Kirschbaum 
and H. B. Andervont for the inbred strains of mice 
used; to Dr. R. Shalek for assistance in dosimetry, 
and to M. A. Flores, B. Morris and A. Liebelt for 
technical assistance. 

+ The terms autologous, isologous, homologous, 
and heterologous are used as defined by Snell(7): 
autologous—-from same individual; isologous—from 
another individual of same inbred strain (or identical 
twin) ; individual of different 
genotype but of same species; heterologous—from 
different species. 


homologous—-from 


with marrow from an F, hybrid of the irradi- 
ated strain, it was subsequently possible to 
successfully homograft skin from the other 
(foreign) parental strain. Such skin grafts 
sloughed in mice protected with isologous 
marrow(8). The present study was under- 
taken to determine the relative degree and 
duration of protection afforded by isologous, 
homologous, and heterologous sources of bone 
marrow in irradiated mice, and to extend the 
observations of Main and Prehn on skin 


homografting. 
Materials and methods. Bone marrow 
preparation: Mice of the following inbred 


strains were employed: CBA, Strong A, Cb, 
Cs7, C3H, Db and their F; hybrids A x Db 
and Cb x CBA. The Cb and Db strains are 
the Balb/c and Dba strains without the mam- 
mary tumor inciter. Mice received total body 
x-irradiation in groups of 6 under the follow- 
ing conditions: 200 KVP, 15 Ma, 40. cm tar- 
get distance, 0.5 mm Cu and 1.0 mm AI fil- 
ters, HVL=1.3 mm Cu, 88-101 r/minute 
dose rate. Calibration with a Victoreen dosi- 
meter placed in the mouse chamber was car- 
ried out each day the machine was used.§ In 
preparing bone marrow suspensions from 
mice, 6 bones from each young adult donor 
mouse (femora, humeri, tibias), were scraped 
free of muscle, the marrow cavity was broken 
open at both ends, and a tight fitting hypo- 
dermic needle on a 1 ml syringe was inserted 
into one end. The bone was then submerged 
in a tube of saline solution (.8% NaCl, .02% 
KCl) and the marrow flushed from the bone 
by drawing saline in and out of the syringe. 
Saline was used-at the rate of .5 ml per donor 
mouse. The washings were pooled and the 
small amount of coarse particles allowed to 
settle out by gravity. The remaining super- 


§ X-ray facilities and calibration were generously 
provided by the Radiation Physics Department of 
the M. D. Anderson Hospital and Tumor Institute. 
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TRRADIATION MorTALITY AND SKIN TRANSPLANTABILITY 


natant fluid was essentially a single-cell sus- 
pension. Cell counts made by the method for 
white cells in peripheral blood gave counts on 


_ the order of 50,000 cells per cumm. A sam- 


ple of each cell suspension was spun down, 
smeared and stained for microscopic examin- 
ation. The suspension was administered (.5 
mil per mouse) via the tail vein, under sodium 
amytal anesthesia, within 1 to 3 hours after 
irradiation. Aseptic technic was used through- 
out. Rat marrow was similarly collected from 
5 Sprague-Dawley rats and suspended in 16 
ce of saline. Each irradiated mouse received 
5 ml. Guinea pig marrow was similarly col- 
lected from each of 5 pigs, 8 days old, using 
13 ml of saline. The suspension was spun 
down at 200 x G for 10 minutes, the superna- 
tant fluid discarded, the cells resuspended in 
saline, and the process repeated. The cell 
count on the material injected was 70,350 per 
cumm. Volume injected was .5 ml. Rabbit 
marrow (4 ml) was collected by aspirating 
the marrow cavities of 6 bones from a 5.8 kg 
albino male. This was dispersed in 10 ml 
saline, and fat and debris removed by centri- 
fugation. Saline was added to bring the vol- 
ume of the cell suspension up to 13 ml. The 
volume injected per mouse was .5 ml with a 
cell count of 13,550 per cu mm. One batch 
of isologous mouse marrow was fractionated: 
into a washed cell fraction and a pooled su- 
pernatant plus washings fraction. This 
batch was prepared initially with 4 ml of 
saline for 6 donor mice. The cells were spun 
down at 200 x G, the supernatant pipetted 
off and the cells resuspended in 1.5 ml saline. 
This was repeated a total of 3 times. The 
fourth time the cells were resuspended in 7 
ml saline and .5 ml injected per irradiated 
mouse. The 4 supernatants were pooled and 
freed of cellular contamination by centrifug- 
ing at 1000 x G for 20 minutes, the sediment 
discarded, and the supernatant spun again at 
7000 x G for 5 minutes. This final superna- 
tant fluid was injected (.5 ml per irradiated 
mouse). Another batch of isologous mouse 
marrow was prepared in the usual way except 
that distilled water was used instead of saline 
to flush the marrow from the bones, in order 
to lyse the cells (no intact cells could be 
found in the smear). Skim grafts: Irradiated 
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mice that were well-protected by isologous or 
F, hybrid, or foreign strain mouse marrow 
were skin-grafted in from 33 to 161 days 
post-irradiation. Under sodium amytal anes- 
thesia the hair was removed from the dorsum 
of the mouse with electric clippers. A piece 
of skin approximately 2 cm square was re- 
moved and replaced with a piece of skin of 
the same size from the same strain, or a for- 
eign strain, or an F, hybrid of the irradiated 
strain. Interrupted silk sutures were used. 
No dressing or bandage was applied. The 
mice were individually penned until the graft 
had sloughed or was definitely healed. When 
skin from the same strain was grafted in an 
unirradiated control the graft was an auto- 
graft; the piece of skin removed was turned 
180° and sutured back into the bed from 
which it came. Cortisone treatment consisted 
of 5 mg per day of cortisone acetate intra- 
peritoneally in 2 divided doses, morning and 
evening, for 11 days. Bone marrow suspen- 
sion from the F, hybrid was injected at 1, 3 
and 13 days following the last injection of 
cortisone. 

Results. The 21-day LD;59 was approxi- 
mately 600 r. At 770 r mortality was 100% 
for 136 mice, the longest survival being 12 
days. .At this level of irradiation, which was 
selected as a standard against which to mea- 
sure protection, the peripheral leukocyte 
count fell to a few hundred cells per cu mm 
by the third day and remained low until 
death. Platelets became difficult to find in 
the blood smears by the fifth day. Body 
weight declined progressively until death. 
Mice dying before the seventh day showed no 
hemorrhage, but after the eighth day hemor- 
rhage of the gastrointestinal tract and brain 
was a very common autopsy finding. Mice re- 
ceiving isologous bone marrow after irradiation 
showed the same severe depression of circu- 
lating leukocytes by the third day, followed 
by a rapid return to the normal range as early 
as the seventh day. Mortality by the 12th 
day, when all of the controls were dead, was 
only 13%, and there was very little further 
mortality as late as 100 days post-irradiation 
(Table I). Protective activity was exhibited by 
the washed cell fraction but not by the cell 
free supernatant fraction or by the lysed cell 
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TABLE I. Cumulative Mortality in Mice Receiving 770r followed by Isologous, F, Hybrid, 
Foreign Strain, and Heterologous Bone Marrow. 


Marrow donor, 9% mortality after indicated 


Irradiated No. of strain or No. of days 
Source of marrow mouse strain mice species 12 21 30 60 100 
Same strain of mice A 12 A 0 0 0 0 0 
Cb 11 Cb 55 a5 55 55 64 
CBA 12 CBA 0 0 0 0 0 
CBA 12 CBA 0 0 0 17 19 
All combined 47 13 3 13 ti 19 
F, hybrid mouse A 10 A X Db 30 50 50 80 = 90F 
A 12 A X Db 0 0 8 8 16¢ 
A 10 A X Db 40 40 60 80 90 
CBA 12 Cb X CBA 0 0 0 0 0s 
All combined 44 16 20 27 39 45 
Foreign strain of mice *A 12 Db 0 17 42 100 100 
CBA 12 C,H 8 8 8 33 33 |] 
CBA 12 A 8 8 25 75 83 
Cb X CBA 11 A 18 27 36 45 sn 
Cd7 7 A 0 0 0 100 100 
All combined 54 8 15 28 69 
Foreign species Cb ol Rat 45 71 (i* 94 59oR 
CBA 24 Rabbit 83 96 96 96 96 
A 24 Guinea pig 83 100 100 100 100 


* Has not yet reached 100 days post-irradiation. 


+Of8mice ” 
§ All 12 mice skin grafted at 30 to 56 days. 
| Of 


Oe ee 


suspension. Marrow from an F, hybrid or for- 
eign strain of mice likewise resulted in rapid 
recovery of circulating leukocytes, and pro- 
tected against mortality just as effectively as 
isologous marrow until the 2ist day. Be- 
tween the 21st and 60th day however, mor- 
tality increased steadily and significantly in 
the foreign marrow group, in spite of circulat- 
ing levels of red cells, white cells and platelets 
within the normal range (with the exception 
of one mouse that showed a terminal erythro- 
penia). Late death in these mice was usually 
preceded by progressive loss of body weight. 
The only apparent gross pathology at autopsy 
was pulmonary congestion and consolidation. 
Marrow from F, hybrids was, on the average, 
intermediate in protective activity between 
isologous and foreign strain marrow. Varia- 
tion between groups receiving Fy; marrow, 
however, was considerable. Two such groups 
showed excellent protection as late as 100 
days post-irradiation. In the peripheral blood 
of the mouse, lymphocytes normally outnum- 
ber polymorphonuclear leukocytes in the ra- 
tio of about 2 to 1. In the mice surviving 770 
r as a result of receiving either isologous, F, 


t Of 3 mice skin gratted at 43 days, 1 died at 57 days, 1 at 90 days. 
” 74 %t0 77 days, all lived beyond 100 days. 


6 mice skin grafted at 71 to 72 days, all lived beyond 100 days. 


hybrid, or foreign strain mouse marrow, this 
ratio was reversed. Jrradiated mice receiving 


guinea pig or rabbit marrow showed 83% mor- 


tality by the 12th day and were all-dead by 
the 21st day except one mouse. This mouse 
received rabbit marrow and is still alive at 
234 days. It survived in spite of a very slow 
recovery of circulating white cells (950 cells/ 
cu mm at 16 days, 2800 at 22 days; 10,500 
at 29 days). At no time were granulocytes 
characteristic of the rabbit seen in the peri- 
pheral blood of this mouse. (Mouse and rat 
neutrophils are essentially agranular, while 
rabbit and guinea pig neutrophils have charac- 
teristic granules which distinguish them mor- 
phologically from those of the mouse.) IJr- 
radiated mice receiving rat marrow, although 
not as well protected as those receiving mouse 
marrow, showed significant protection on the 
12th day. By the 21st day mortality in the 
rat marrow group had increased significantly, 
and by 60 days only 2 mice were still alive. 
These results with rat marrow are very simi- 
lar to those reported by Cole et al.(3). Skin 
grafts. Of 34 autografts in unirradiated con- 
trol mice, 3 sloughed, presumably because of 


: — 


TRRADIATION MortTALITY AND SKIN TRANSPLANTABILITY 


691 


TABLE II. Results of Skin Grafting. ~ 


-——Takes .  —Sloughs—, 
Day post-r Days dura- 

Host X-ray Marrow when tion to date Days 
strain dose (r) donor Skin donor = grafted No. of writing No. duration 
A None- . None 1 YR UG 2 SES ne ae Eo 

CB ¢ ie SBA. — 24 57-140 iH <27 
te B ” C,H = 0 a 87-49 
” ” ” Cb age 0 9 << O 

A 880 A A 33 2 253 0 

ie 770 As A X Db 161 0 5 25-33 

is 7 % Db 161 0 6 22-40 

y me A X Db A X Db 43-77 1 Dead at 48 2 <21 

4 143-260 

? 4 ; Db 74-17 2 143 eae 

CBA 660-770 ChXCBA Cb 35-56 15 57-79 3 13-16 
4 770 C,H CBA 7] 2 140 0 
fe és ie C,H 4 139-140 0 


inadequacies of technic (Table II). Of 13 
homografts in unirradiated control mice, all 
sloughed. Of 22 irradiated mice protected 
with marrow from an F, hybrid and homo- 
grafted with skin from the other parent strain, 
only 5 sloughed. The other 17 grafts, after 
an initial shedding of hair, regrew hair char- 
acteristic of the donor skin and are still in 
good condition 57 to 143 days after grafting. 

Of 54 mice protected with foreign strain 
marrow, only 6 CBA mice that received C;H 
marrow remained in good enough physical 
condition for long enough to warrant skin 
grafting. Of these, 2 were grafted with isolo- 
gous skin, and 4 with homologous skin from 
the same strain that donated the bone mar- 
row. All 6 grafts took and have persisted for 
139 to 140 days. It may be significant that 
the CBA and C3H strains are closely related 
in origin, and that tumors arising in one strain 
sometimes transplant to the other. 

In irradiated mice protected with isologous 
marrow and homografted with skin from a 
foreign strain or an, F, hybrid, all 11 grafts 
sloughed, indicating a specificity of the tol- 
erance of skin homografts in irradiated mar- 
row-protected mice. Only if the marrow used 
for protection came from the same foreign 
strain as the skin donor, or from an F, hybrid 
of the skin donor strain, was tolerance of the 
foreign skin exhibited. 

Of the irradiated mice included in the mor- 
tality data, 29 mice that appeared well-pro- 
tected were skin grafted during the 100-day 


period for which mortality data is presented. 
Skin grafting did not significantly alter the 
mortality data. Only 2 of the skin grafted 
mice died during the 100-day period. 

Forty-five mice were started on cortisone 
treatment followed by F, hybrid bone mar- 
row. Twenty-three mice survived the treat- 
ment. From 17 to 61 days after the last in- 
jection of cortisone, 12 of these mice were 
grafted with skin from the F, hybrid and 9 
with skin from the other parent strain. In all 
21 cases the grafts sloughed. 

Discussion. The closer the genetic relation- 
ship, the greater is the protective activity of 
the marrow. The importance of evaluating 
the longevity of protection beyond the 21- or 
30-day endpoint is apparent from the results 
obtained with rat marrow and foreign strain 
mouse marrow. Successful homografting of 
skin after protection with marrow from an F, 
hybrid of the irradiated and skin donor 
strains, but not after protection with isologous 
marrow, agrees with the results of Main and 
Prehn(8). That F; marrow is not unique in 
this respect is indicated by the successful 
homografting of skin, in the 4 cases in which 
this was tried, after protection with marrow 
from the same foreign strain as the skin 
donor. 

There is increasing evidence supporting the 
concept that the tissue homograft reaction is 
an immunological response to foreign tissue 
antigens(7,9,10,11). Homologous mouse 
bone marrow in addition to permitting sur- 


692 


vival by virtue of hematopoietic recovery, ap- 
pears also to have induced immunologic tol- 
erance of tissue antigens from the marrow 
donor source. Main and Prehn(8) have 
called attention to the possibility that the 
mechanism of the latter effect may be similar 
to the induced immunological tolerance of 
foreign strain skin homografts in mice that 
have been injected as fetuses with tissue sus- 
pensions from the skin donor strain(12). The 
initial failure to induce tolerance to skin 
homografts by cortisone treatment and F, 
hybrid marrow does not eliminate this possi- 
bility. Pertinent to the question of whether 
survival of foreign strain marrow and_ skin 
after irradiation results from an induced im- 
munological tolerance, in the sense of Bil- 
lingham, Brent and Medawar, is the follow- 
ing: After protection with homologous or 
heterologous marrow against an otherwise 
lethal dose of x-irradiation, does the host’s 
antibody producing tissue survive in a func- 
tional sense, or is it completely replaced by 
the comparable system of the marrow donor? 
Only in the first case must one postulate an 
altered immunological specificity of the sur- 
viving host system. 


It has recently been shown that in irradi- 
ated mice and rats protected with homologous 
marrow, and in irradiated mice protected with 
rat marrow, the introduced cells survive and 
repopulate the irradiated host’s otherwise de- 
pleted hematopoietic tissues(13-16). The 
failure of heterologous marrow to afford as 
great protection as any kind of mouse marrow 
in the first 2 or 3 weeks after irradiation may 
be related to an inability of heterologous mar- 
row in a foreign host to perform all of the 
vital functions performed by homologous or 
isologous marrow. On the other hand, while 
rat marrow persists and proliferates in the ir- 
radiated mouse, it is possible that guinea pig 
and rabbit marrow, because of a greater 
genetic dissimilarity, does not. The failure 
to find granular leukocytes characteristic of 
the rabbit in the blood smears of the one rab- 
bit-marrow-injected mouse that did survive 
indefinitely suggests this possibility. 


The late mortality in irradiated mice re- 
ceiving foreign strain mouse marrow is of in- 
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terest, since it occurs in spite of 21-day pro- 
tection equal to that with isologous marrow. 
Does this represent a delayed immunological 
response of the host to the tissue of the for- 
eign strain as Barnes and Loutit(6) and Cole 
et al.(15) have suggested to explain late mor- 
tality in mice protected with homologous or 
heterologous bone marrow? ‘The essentially 
normal blood counts before late death of mice 
receiving foreign strain mouse marrow, and 
the long duration of tolerance to skin homo- 
grafts do not accord with this hypothesis. 
Perhaps more likely is the opposite possibil- 
ity. The evidence for survival of marrow 
cells from a foreign strain or foreign species, 
and of skin from a foreign strain, indicates an 
induced immunological tolerance for tissues 
from the foreign marrow donor, on the part of 
any surviving antibody producing tissue of 
the irradiated host. But is there adequate 
reason to expect that the reverse has been 
accomplished? If the introduced foreign 
strain mouse or rat marrow survives and pro- 
liferates and produces cells capable of anti- 
body production, this antibody producing sys- 
tem, by virtue of its foreign origin, should be 
immunologically active against all of the tis- 
sues of the irradiated host. Only the antibody 
producing systems of the same inbred strain 
or of an F,; hybrid should not be immunologi- 
cally active against the irradiated strain. 


Summary. The degree and duration of pro- 
tection afforded by isologous, homologous and 
heterologous sources of bone marrow admin- 
istered after lethal doses of x-irradiation in 
mice was directly proportional to the close- 
ness of genetic relationship of the marrow 
donor to the irradiated mice. Uninjected 
controls were all dead by the 12th day. Mouse 
marrow from the same strain or from an F; 
hybrid of the irradiated strain, or from a for- 
eign strain, all gave excellent and essentially 
equal protection as late as 21 days post-irradi- 
ation. While mice receiving marrow from the 
same strain remained well protected beyond 
100 days, those receiving marrow from a for- 
eign strain showed considerable late mortality 
between the 21st and 60th days. Mortality 
in mice receiving F, hybrid marrow was inter- 
mediate at 60 days. Guinea pig and rabbit 
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marrow elicited a very low degree and dura- 
tion of protection. Rat marrow permitted 
55% of the irradiated mice to survive beyond 


the longest survival of the untreated controls. 


The duration of protection however was short, 
only 6% at 60 days. Irradiated mice pro- 
tected with marrow from an F, hybrid of the 
irradiated strain showed a high degree and 
long duration of tolerance of skin homografts 
from the F, hybrid or from the other parent 
strain. Irradiated mice protected with for- 
eign strain mouse marrow showed a high de- 
gree and long duration of tolerance for skin 
homografts from the same foreign strain. Ir- 
radiated mice protected with marrow from 
the same strain did not tolerate skin homo- 
grafts from a foreign strain or from an F, 
hybrid. 
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18! and P*®? Accumulation in Anuran Thyroid Gland in Normal and 


Accelerated Metamorphosis.* 


(22583) 


Savino A. D’ANGELO. (With the technical assistance of Ruth T. Harberg.) 
Daniel Baugh Institute of Anatomy, Jefferson Medical College, Philadelphia, Pa. 


The application of radioactive tracers to 
studies of amphibian development, though in- 
frequent, reveals that the tadpole thyroid can 
concentrate radioactive iodine and that this 
process may be influenced by thyroid stimu- 
lating hormone (TSH). Employing autora- 
diographic and histologic methods, Gorbman 
and Evans(1) demonstrated that radioiodine 
accumulation in the developing thyroid of 
Hyla larvae began soon after folliculation ap- 
peared in the gland. Autoradiographs became 
progressively darker as the thyroid increased 
in size and the colloid increased in amount. 
Dent and Hunt(2) found marked localization 


* This investigation was supported in part by re- 
search grant, A-432, from the N.I.H., Public Health 
Service. 


of I*81 in autoradiograms of the thyroid from 
Hyla, Bufo, and Rana larvae, with no diminu- 
tion in thyroidal radioactivity observed 
throughout metamorphic and post-metamor- 
phic processes. Money, Lucas, and Rawson 
(3) measured the turnover of I**! in normal, 
thiouracil, and TSH treated Rana pipiens tad- 
poles. Radioactivity of the area of tissue 
bearing the thyroid (“block dissection’) ap- 
proximated 10-20% of the administered radio- 
activity. No substantial difference was found 
between metamorphosing and non-metamor- 
phosing tadpoles. Surprisingly, the adminis- 
tration of TSH usually decreased rather than 
increased thyroidal I'*! collection. In the 
main, the results of these experiments with 
radioactive tracers do not conform to those 
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FIG. 1. Photograph (X 12) of freshly dis 


a 


sected hypobranchial 
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region of a young tadpole. 


Transverse hyoglossus muscle (M) has been removed to expose one thyroid lobe (arrow). Ven- 
tral aortic roots and heart (H) have been left in situ. (Anatomic relations of developing anuran 


thyroid have been described(6).) 


FIG. 2. Photograph (x 18) of hyoid area, with glossal muscles and heart removed. Thy- 
roid lobes are shown (arrows), one on each side of urobranchial cartilage (UB). Vasculariza- 


tion and folliculation of the glands are recorded. 


obtained from earlier morphologic and physi- 
ologic studies. The sequence of growth and 
histologic changes which characterize the thy- 
roid throughout anuran metamorphosis are 
known to depend importantly on adequate 
thyrotrophic hormone function in the develop- 
ing tadpole and can be precociously induced 
with exogenous thyrotrophin(4-9). The pres- 
ent study attempts to provide a more critical 
evaluation of functional changes in the larval 
thyroid by direct measurement of radioactiv- 
ity in the gland isolated from Rana tadpoles 
after the injection of P®? and I'*!. The avid- 
ity of the thyroid for these radioactive iso- 
topes will be compared in normal metamor- 
phosis and for accelerated development in- 
duced with exogenous TSH. 

Materials and methods. Rana clamitans 
larvae were obtained from the field in various 
stages of hindlimb development during the 
winter, fall, and spring seasons. (This species 
is partially neotenic; metamorphosis of the 
tadpole is deferred for approximately one 
year.) The tadpoles were maintained at lab- 


oratory temperature (20-23°C) in aerated 
aquaria containing spring water and ample 
amounts of sphagnum moss as the only source 
of food. During the injection period, larvae 


were kept in shallow enamel pans and food 


was withheld. All injections were made into 
the body cavity by a method routinely used 
for bioassay(10). Tadpoles were given 0.5- 
1.0 pc of I'*" or P* in 0.1 ml of carrier free 
solutiont 3 to 4 hours prior to sacrifice. Thy- 
rotrophin,+ (Parke, Davis preparation and 
the U.S.P. Reference Standard), was admin- 
istered in .05-.1 ml of acid saline. Tadpoles 
received the last injection of TSH 23-25 
hours before measurement of radioactivity in 
the thyroid. At sacrifice (decapitation), the 
hypobranchial region and adjacent pericardial 
sac were exposed (Fig. 1) by removal of in- 


+ Radioactive isotopes were obtained from Oak 
Ridge National Laboratory, Tenn. 

+ We express our thanks to Dr. W. Donaldson of 
Parke, Davis and Co., Detroit, Mich., and to Dr. 
Adley B. Nichols of the U. S. Pharmacopeia for sup- 


plies of the hormone. 
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TABLE I. Comparison of Thyroidal I and P*® Uptake in Normal Metamorphosis. 


Exp. Stage of development* No. of Mean thyroid [uptake Mean thyroid P* uptake 
No. SIAN B.L. annals | ————= % of inj. dose (10°) 
(eee ese 1S LTH 18) DT 
13.9419 295410 18 dod er 6s Gn eet 
18+ 3 18.9+1.0 8 V6 eB 
25.0 24+ 24.0412 ee) denn chao 4 ot 
23+ 5 22.0+10 16 49.09) » ae 
1l+23 304414 14 Paes aie ee 
2. Been sigan 12 O-+ 1.0 } 
| P <.001 
13.542.5 25.0 +1.5 8 22.8 + 3.6 1 
| Pp <.001 
34.0+1.0t 24.5 + 1.0 2 89.7 + 5.0 | 
144 3 19.0+1.0 8 25.07 | 
25.942.0t 25.5 + 1.2 8 7s 92° 00 


umns, values represent mean + stand. error of mean. 
+ Animals in advanced stages of metamorphosis (imminent or actual forelimb emergence). 


{ Statistical significance calculated from ‘‘T’’ test tables. 


sidered significant (n.s.). 


tegument and subjacent musculature. The 
“os thyroideum” (urobranchial cartilage) and 
the dorsolaterally placed thyroid lobes were 
then visualized under binocular dissecting 
microscope by removal of the glossal muscles 
and heart posteriorly. This permitted the 
vascularized glands to be observed clearly in 
their normal anatomic position ventral to the 
‘basal plate of the hyoid (Fig. 2). The carti- 
lage plate with attached thyroids was then 
dissected free from the lower jaw, removed to 
filter paper, and the thyroid lobes gently 
stripped off with watchmaker’s forceps and 
transferred to a stainless steel planchette. 
Radioactivity in the gland was measured im- 
mediately after dissection by a thin mica end- 
window ‘beta sensitive Geiger-Miiller counter 
under conditions of constant geometry for 
200-300 seconds. Utilizing this procedure, it 
was possible to dissect, and measure the radio- 
activity in, the thyroids of 10-12 tadpoles in 
about one hour, 

Results. A comparison of thyroidal I'*4 
and P*? uptakes obtained from parallel ex- 
periments on normal and TSH treated tad- 


§ Small size of larval thyroid obviates any major 
difficulty with respect to geometry of radiometric 
measurement; radioactivity of the dried glands 
measured 24 hr later in the same planchette is not sig- 
nificantly altered when correction is made for iso- 
topic decay. 


‘©P?? values >.05 are not con- 


poles reveals that the larval thyroid concen- 
trates radioiodine much more effectively than 
radiophosphorus (Tables I and II). Mea- 
sured under similar conditions, mean _per- 
centages of injected radioiodine accumulating 
in the thyroids of young tadpoles were ap- 
proximately 10-20 times greater than with 
Pp? This difference in uptake, moreover, was 
exaggerated throughout normal metamorpho- 
sis. The I*! collection of thyroids from lar- 
vae in advanced stages of development (Table 
I) increased markedly. The effect was not 
paralleled with radiophosphorus; the slight 
increase in P®? uptake by the thyroid which 
occurred in tadpoles with well developed hind- 
limbs was not statistically significant. Ap- 
preciable and significant increase of P*? up- 
take by the thyroid did occur, however, in the 
climactic stages of metamorphosis (forelimb 
emergence) although the rise was far less 
than that with I7**. The marked augmenta- 
tion in uptake of I‘ by the thyroid with ad- 
vancing development suggests that the avid- 
ity of the gland (per unit mass) for radioio- 
dine may increase progressively in the meta- 
morphic process, and at a greater rate than 
do growth changes in the gland. 

The results obtained with exogenous thyro- 
trophin are summarized and statistically eval- 
uated in Tables II and III. It is evident that 
a single injection of TSH in proper dosage in- 
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TABLE II. Effect of a Single Dose of TSH on Thyroidal P© and [ Accumulation in the 
Young Tadpole.* 


Mean thyroid P® 


Mean thyroid ['* 


Dose Increase Level of Increase Level of 
TSH No.of % ofinj. ofnor-  signifi- % of inj. of nor- signifi- 
Exp. No. (us) et dose (10°) — (%)  ecancet dose (10?) mal(%) cance 
1 0 30. 26 = .04 a eee by 
1 30 31+ .09 19.2 P ns. 29 = .30 52.6 Bic <O I) 
20 30 69 + .05 165.4 P <.001 2.8% .25 47.4 Pc 
100 13 1.9 .28 0 P\ns 
2 0 46 28d + .05 3.2 + .18 
5 18 A3 + .06 22.8 Ps: 
2 32 70+ .10 100.0 P <.005 4.6 + .4 43.8 P <.02 
10 30 BOS S26 200.0 P <.001 3.7 = .32 15.7 Pons 
50 15 at® aio Soo 122.8 P <.005 


* Animals with hindlimbs ranging - from 1-6 mm; 
+ Divided equally between p= and DS groups. 
values in each case are compared against the con- 
values >.05 are not considered significant (n.s.). 


¢ Caleulated from ‘‘T’’ test tables. 
SEOL (es OCCT S Eh) & SP 72 


cep 


creases radioiodine or radiophosphorus ac- 
cumulation in the thyroids of tadpoles in 
early hindlimb stages. The minimal effective 
dose of hormone required to induce significant 
uptakes for both radioactive tracers lay at the 
1-2 ug level (Table Il). The magnitude and 
range of thyroidal response to increasing doses 
of thyrotrophin were greater with P®2 than 
with I’*1 but in each instance high dose levels 
resulted in a diminution of thyroidal radio- 
activity from peak values which fell to ap- 
proximately normal levels (radioiodine). The 
effects obtained from continued stimulation of 
the thyroid by a series of TSH injections were 
more marked (Table III). The administra- 
tion of thyrotrophin (U.S.P.) to the stasis 
tadpole (starved, non-metamorphosing) once 
daily, over a 4-day period, resulted in sig- 
nificant increases of thyroidal I**1 uptake 
ranging from about 250-750% of normal. 
The proportionality of response to increasing 
dose of TSH was much greater than that ob- 
tained with a single injection of equivalent 
amounts of the hormone.|! The greater incre- 
ments and wider range of thyroidal radioio- 
dine uptakes produced with chronic TSH 
treatment were accompanied by somatic 
changes in the tadpoles indicative of acceler- 
ated metamorphosis. In animals receiving the 
higher doses of thyrotrophin, significant in- 


| 1 wg of Parke, Davis preparation (50P4) is 
equivalent to approximately 2 milliunits of U.S.P. 
Reference Standard. 


4-8 days from field. 


creases in hindlimb extension were noted as 
well as constriction of the body and head 
changes characteristic of advanced develop- 
ment. The thyroids of these animals were 
found to be enlarged and highly vascularized 
at dissection. It is noteworthy that the mini- 
mal effective dose of TSH required to induce 
a significant increase in thyroidal I?! accumu- 
lation was of the same order of magnitude 
with both single and multiple injections. 
Chronic treatment with high doses of TSH 
did not reduce radioactivity in the gland, 
however. 


Discussion. The finding of substantial. in- 
crease in radioiodine accumulation by the thy- 
roid during metamorphosis closely accords 
with results of previous studies establishing 
the basic importance of thyroid-pituitary in- 
teraction in amphibian development. The 
growth and histologic manifestations of secre- 
tory activity in the thyroid of developing 
Rana tadpoles have been shown to increase 
progressively to a maximum, coinciding 
closely with the appearance of the climax 
stages of metamorphosis(4-6). These thy- 
roidal changes and their metamorphic se- 
quelae in turn are dependent upon concomi- 
tant changes in thyrotrophic hormone secre- 
tion from the tadpole’s anterior pituitary and 
can be induced precociously with exogenous 
TSH(7-10). It is quite likely, therefore, that 
the enhanced I'*! uptake by the thyroid in 
normal metamorphosis is a further expression 


TuHyrow Uptake IN METAMORPHOSIS 


TABLE III. Thyroidal Radioiodine Collection in the Stasis Tadpole* 
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after Chronic Treatment 


with U.S.P. Thyrotrophin. 


Mean ine¢rease 


Thyroid I, 


Mean % 


No. of in hindlimb Dose TSH mean counts increase Level of 
animals growth(mm) (U.S.P.units) per 100 sec. of normal significance|| 
14 — 0 440 + 456 — o 
14 9 -0002 447 -- 53 1.6 P us. 
15 a aL .0012 471+ 76 TO P* n:8. 
14 1.4 .006 1500 + 150 240.9 Pi 000 
14 ara .03 201 TE 499 638.9 Pe, a 
14 2.0t ALS 3793 = 62: 762.0 P06 


* Starved, non-metamorphosing. i 


+ Body changes indicative of advanced metamorphosis. 
+ Total dose given over experimental period (4 days). 
§ Mean number of counts + stand. error of mean. 


|| ‘*P?? values <.001 are highly significant ; 


of the increased tempo of thyroid function re- 
sulting from augmented titers of circulating 
endogenous thyrotrophin. It cannot be stated 
with certainty how much of the radioiodine 
accumulating in the thyroid reflects increased 
growth as against enhanced avidity of the 
gland per unit mass. The small size of the 
larval thyroid precludes direct weight mea- 
surements but from dimensions obtained with 
camera lucida and from histologic sections the 
estimated weight of the developing gland 
ranges from 50 to 200 pg. The concentration 
of radioiodine in the thyroid during advanced 
metamorphosis is far greater than can be ac- 
counted for by increased size of the gland, 
and uptakes may actually exceed those de- 
scribed by Bradley(11) for the frog (Rana 
pipiens). A detailed study of thyroidal up- 
take through development and into post- 
metamorphic stages is indicated. 

The significance of phosphorus uptake in 
thyroid function (unlike that of iodine which 
is an essential component of thyroid hor- 
mone) is poorly understood. Chemical studies 
by Borell(14) pointed to a direct relationship 
between the phosphorus content of the thy- 
roid and the amount of follicular epithelium. 
Borell and Holmgren(15) and Lamberg(16) 
for guinea pig and chick respectively, found 
good correlation between acinar cell height in- 
crease and P®? uptake in TSH stimulated thy- 
roids. The present study indicates that the 


augmentation of P®? uptake with TSH also 


holds for the amphibian thyroid. The similar- 


ity of the response in representatives of at 


least three vertebrate classes seems highly 


*“P?? ns. (not significant). 


significant, and it may well be that phos- 
phorus has special importance as a component 
of the growing thyroid cell(14). It remains 
to be shown, however, whether or not the up- 
take of phosphorus by the thyroid in meta- 
morphosis truly parallels growth of the gland, 
and whether it relates specifically to colloid 
or to epithelium. The relationship between 
iodine and phosphorus metabolism in the hy- 
pertrophic gland should also be investigated. 


The increases in thyroidal I’*1 and P*®? up- 
takes induced with relatively small doses of 
TSH are of particular interest as regards the 
problem of thyrotrophin assay. The dose re- 
sponse curves obtained with a single injection 
of the hormone did not display a range of pro- 
portionality which could lead to precise esti- 
mation of TSH in blood and pituitary, as now 
routinely accomplished with microhistometric 
measurement of thyroid cell height in the 
stasis tadpole(13,12). Large doses of TSH 
tended to decrease rather than increase radio- 
activity in the thyroid. It is conceivable that 
purging of thyroid hormone from the gland 
with sharp and vigorous stimulation may in- 
duce transformation changes (fluid loss?) in 
the test animal which temporarily diminishes 
the amount of radioactive tracer available to 
the gland. Whatever the cause, the effect 
was overcome by chronic stimulation of the 
thyroid with TSH. In fact, thyroidal I'*1 
uptakes in stasis tadpoles given a series of 
TSH injections were sufficiently large over a 
wider range of dose level to merit further in- 
vestigation of the response as to its usefulness 
for thyrotrophin assay. A detailed compari- 
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son of histometric and radiometric methods 
for TSH detection in the stasis tadpole will be 
considered elsewhere. 

Summary and conclusions. 1) The uptake 
of I'*1 and P*? by the developing thyroid of 
Rana tadpoles has been determined in normal 
and accelerated metamorphosis. Radioactive 
measurements of the isolated gland (esti- 
mated weight, 50-200 wg) disclose a progres- 
sive increase in radioiodine accumulation 
throughout normal development. The effect 
is not paralleled with radiophosphorus al- 
though significantly increased P*? thyroidal 
uptakes eventually occur in advanced devel- 
opment. Exogenous thyrotrophin augments 
I'#1 and P®? accumulation in the thyroids of 
young tadpoles. The applicability of the thy- 
roidal response to the bioassay of thyrotro- 
phin is discussed. 2) The enhancement of 
iodine and phosphorus uptake by the larval 
thyroid is considered to reflect increased 
tempo of thyroid function in amphibian de- 
velopment. The fundamental réle of pitui- 
tary-thyroid interaction in anuran metamor- 
phosis is reemphasized. i 
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Lack of Lipotropic Action by Thiomethyl Derivatives of Glucose.* (22584) 


H. B. LorLanp. 


(Introduced by C. Artom.) 


Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest College, 
Winston-Salem, N.C. 


The fatty infiltration of the livers of rats 
on low protein diets is generally ascribed to a 
deficient synthesis of choline as a result of 
the inadequate supply of biologically trans- 
ferable (“labile”) methyl groups. In methi- 
onine, which is the major dietary source of 
such groups, the methyl is attached to a sul- 
fur atom; and the same type of attachment is 
present in methionine sulfoxide and in vari- 
ous thetins (dimethylpropio-, dimethyl-, 


* Technical assistance was given by C. Downs and 
M. Holton. This investigation was done under Con- 
tract No. AT-(40-1)-1638 with the U. S. Atomic 
Energy Commission. Stearate-1-C14 was obtained 
from a commercial source on allocation of the U. S. 
Atomic Energy Commission. 


methylethyl thetin, and methionine ethylsul- 
fonium), which have been shown to be ef- 
ficient methyl donors in the rat(1). It 
seemed possible that other compounds pos- 
sessing terminal thiomethyl groups may also 
be active in this respect. In the present inves- 
tigation, the lipotropic action of 2 such com- 
pounds, methyl-thioglucoside (MTG) (CHz* 
S * CHy * (CHOH), * CH2OH) and glucose 
dimethylmercaptal (GDM) ((CH3°S)o* 
CH * (CHOH), * CHsOH), was tested.t 


+ The thiomethyl derivatives of glucose were syn- 
thesized by Herstein Laboratories, New York City. 
The author is indebted to the Sugar Research Foun- 
dation for the generous gift of these compounds and 
for their interest in the project. 
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TABLE I. Average Phospholipid and ‘‘Fat’’ Contents of Liver of Rats on a Low-Protein Diet 
with or without Supplements.* 


-—— Per g of liver ——_,, -—— Per liver of 100 g rat—, 


Liver wt 
Dietary Gain in for 100g Phospho- Phospho- 
supplementt body wt, g rat, g lipids,mg ‘‘Fat,’’ mg lipids, mg ‘Bat? " me 5s 
None (23) 5.994213 5864.4 24922.0 112.0 415.3 150.3 211.9 675.7 +107 
Cholne(2l) G77H14 482§+ 3 260221 41.7$+ 5.2 121.0§% 8.0 202.132 23 
MTG (15) 7.6222.86 5.73 ©.6 27.6424.0 132.7 223.5 1544 +222 775.8 +148 
GDM (23) 9132134 558 +4 25.0214 1084 +132 1354 + 65 6091 + 84 


* Values preceded by + are stand. errors of means. 


t No. of rats in parentheses. 


¢ Significantly different (P <0.01) from corresponding value of group on the unsupple- 


mented diet. 


§ Significantly different (P <0.05) from corresponding value of group on the unsupple- 


mented diet. 


Moreover, since choline-deficient livers show 
a decreased ability to oxidize isotopic fatty 
acid in vitro(2), the possibility that such an 
effect could be prevented by supplementation 
of the diet with MTG or GDM was also in- 
vestigated. 

Methods. Male weanling rats (Rockland 
Farms, initial weight 35-45 g) were kept on 
an experimental diet (Diet 46, containing 
casein 8%, sucrose 28%, dextrin 28%, Crisco 
28%, Ruffex 2%, cod liver oil 2%, salt mix- 
ture (USP XII) 4%). A B vitamin mixture 
(2) was incorporated in the diet. The rats 
were housed not more than 6 per cage and 
were given food and water ad libitum. In each 
experiment one group was maintained on the 
unsupplemented diet. Other groups received 
3 mM of choline chloride, MTG, or GDM, 
per 100 g of diet, except in one experiment in 
which the methyl glucose compounds were 
fed at levels calculated to contain the same 
number of methyl groups as choline (9 mM 
of MTG, or 4.5 mM of GDM). After 21 
days on the. diets, the rats were killed by de- 
capitation. The liver of each animal was 
weighed and its content of total lipids (weight 
of the chloroform extract(3)) and lipid phos- 
phorus(4) was determined. The differences 
between total lipids and total phospholipids 
(lipid P x 25) are indicated as “fat”. Such 
values, in addition to triglycerides, include 
cholesterol and other unsaponifiable sub- 
stances. In the experiments on fatty acid 
oxidation, homogenates prepared from livers 
of rats on the supplemented, or unsupple- 
mented, diets were incubated simultaneously 
in the presence of stearate-1-C'. After 3 


hours in air at 37°C, the CO, produced was 
determined. For further details on the pro- 
cedures, see Artom(2). 

Results. For the sake of brevity, only the 
averages and standard errors of the results 
obtained on the individual rats are recorded 
in Table I. Phospholipid and “fat” values 
have been calculated both per g of tissue and 
for the whole liver of a 100 g rat: the latter 
method of expressing the results allows a di- 
rect comparison of the values obtained in the 
various groups, in spite of considerable vari- 
ations in the size and fat content of the liver. 
The differences between the averages of the 
groups on the supplemented diets and those 
of the control rats on the unsupplemented diet 
were considered significant, when the ratios of 
these differences to their standard errors were 
greater than 2 (P<0.05), or 3 (P<0.01). 

The results, expressed by either method, 
indicate that choline supplementation of the 
diet lowered significantly the fat content of 
the liver. Total phospholipids were also 
lower, but only when the results were referred 
to the whole liver of a 100 g rat. On the 
other hand, it is apparent that the fatty infil- 
tration in the livers of rats receiving MTG or 
GDM is of the same degree as that seen in 
the livers of the controls on the unsupple- 
mented diet. 

In Table IT the results of one of our ex- 
periments on the im vitro oxidation of stear- 
ate-1-C™ are recorded. Data on the COs 
produced during the incubation (expressed as 
counts per minute per mg N of tissue, as well 
as per liver of a 100 g rat) indicate that the 
livers of the rats on the choline-supplemented 
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TABLE II. CO, Production from Stearate-l-C™ 
by Liver Homogenates.* 
CO, (counts/min.) 
Dietary Per liver of 
Rat supplement Per mg N 100 g rat 
a = None by 121 . ; 14,750 
b dy 212 25,800 
¢ Choline 835 70,000 
d 1000 116,000 
e GDM 256 32,500 
f i 163 17,000 


* Each value is avg of data obtained on dupli- 
cate flasks containing the same homogenate. Each 
flask contained, in a total volume of 6 ml of Ring- 
er-phosphate without Ca and Mg (pH 7.4), 0.3875 g 
of homogenized liver, 12 wmoles of adenosine tri- 
phosphate, 3 mg each of penicillin and dihydro- 
streptomycin and 1 ymole (=1 yC) of stearate-1- 
Ce. 


diet oxidized isotopic stearate at a much 
higher rate than the livers of the control rats. 
On the other hand, C“O. produced by the 
livers of the animals receiving MTG or GDM 
was about the same as that produced by livers 
of rats on the unsupplemented diet. 

It is now established that the transfer of 
the methyl group of methionine must be pre- 
ceded by the conversion of the free amino acid 
into an active form, S-adenosylmethionine(5). 
It seems probable that transmethylation from 
the thiomethyl groups present in other com- 
pounds should require a similar activation of 
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the sulfur to the “onium” level. The lack of 
specific enzymes for the conversion of the glu- 
cose derivatives which we have tested, into 
active forms might perhaps explain their in- 
ability to act as methyl donors in the organ- 
ism. 

Summary. Supplementation of a high fat, 
low-protein diet with two thiomethyl deriva- 
tives of glucose (glucose dimethylmercaptal 
and methyl-thioglucoside) did not prevent 
the fatty infiltration of the liver, and did not 
enhance the ability of the tissue to oxidize 
fatty acid added in vitro. 


The continued interest and helpful suggestions of 
Dr. C. Artom are gratefully acknowledged. 
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Haron B. Erper, JAMES B. SANG, AND IsIDORE DANISHEFSKY. 
Gilman Laboratory, New York Medical College and Flower Fifth Avenue Hospital, New York City. 


There are comparatively few reports on 
serum lipoprotein investigations by moving 
boundary electrophoresis(1,2), because of the 
difficulty inherent in the interpretation of the 
patterns due to the low density of the lipo- 
proteins(3) and their possible transforma- 
tions during dialysis. Paper electrophoresis 
(4,5) has yielded some information on these 
substances but this method too, has its short- 
comings because of the adsorption of lipid or 
lipoproteins and their stains on the paper(6). 
In addition, differences have been found be- 


tween moving boundary and paper electro- 
phoresis for as-, 8-, and y-globulins(7). 

In the present investigation, advantage is 
taken of the ultracentrifugal technic for iso- 
lation of the low density lipoproteins(8). The 
characteristics of the latter as revealed by 
moving boundary electrophoresis were studied 
and it is believed that this procedure can be 
used profitably in comparative lipoprotein in- 
vestigations. 

Methods. Blood (80 ml) was collected 
from each of 5 healthy male medical students, 
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TABLE I. Chemical Analysis of Fractions Ob- 
tained in Ultracentrifugal Separation. 


Total 

Total Phospho- choles- 

protein, lipid, terol, 

2% mg % mg % 
Whole serum 6.85-7.21 194.5-245.0 224- 258 
Lipoprotein con- 1.52-1.23 580 -720 920-1040 


centrate 
Lipoprotein-poor 3.13-3.92 135 -144 64-67 
solution 


was allowed to clot at room temperature for 
2 hours, after which the serum was separated 


Lk 


by centrifugation. A portion of this serum 


was used for electrophoretic analysis. The 
rest was diluted with an aqueous sodium 
chloride solution to give a final solution 


density of 1.0631 and centrifuged at 30,000 
rpm (16°C) for 18 hours in a Spinco Model 
L ultracentrifuge. The top layers containing 
the low density lipoproteins were taken off 
and combined and the bottom fractions were 
also combined and saved. The former is des- 
ignated below as the lipoprotein concentrate 
and the latter as lipoprotein-poor serum solu- 
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Representative electrophoretic patterns obtained in these experiments. A is normal 
B is normal serum plus 0.5 ml lipoprotein concentrate, C shows B superimposed on A 
(erosshatched area is effect of added lipoprotein). D, # and / are patterns obtained with solu- 
tions of lipoprotein concentrate 1.5, 1.0 and 0.5 ml, respectively, in a total volume of 3 ml. 
G is lipoprotein-poor serum and // shows effect of adding 0.5 ml of lipoprotein concentrate to G. 
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tion. Table I gives the analyses on the 3 
fractions. For electrophoretic analysis, 1 ml 


of clear serum was diluted with 2 ml veronal 
buffer pH 8.6 and ionic strength 0.1. The 
same buffer was used for all fractions. The 
diluted serum was dialyzed for 30 hours 
against 450 ml of the buffer at 4°C. Analyses 
were made in the Perkin-Elmer electrophor- 
esis apparatus model 38. The length of the 
runs was 4,200 sec. (1°C) and the patterns 
were enlarged and calculated from the areas 
under the curves. A representative pattern 
is shown in Fig. 1 A. Lipoprotein concen- 
trates, 1.5, 1.0 and 0.5 ml were diluted to 3 
ml with the buffer and dialyzed for 48 hours 
against the same buffer. Two changes of the 
buffer were made. Electrophoretic runs were 
carried out for 4,800 sec. (Fig. 1 D, E, F). 
Lipoproteins-poor solution was dialyzed 
against veronal buffer for 72 hours with 3 
changes of the buffer. Runs were made for 
4,200 sec. (Fig. 1 G)., .1, .25, .40, .50, and 
1.0 ml of lipoprotein concentrate was added 
to 1.0 ml of normal serum and these were 
diluted with 1.9, 1.75, 1.6, 1.5 and 1 ml re- 
spectively, of buffer. These were dialyzed 
twice against 450 ml of buffer for 48 hours. 
Electrophoretic runs were made for 4,200 
sec. (Fig. 1 B and C) 


Results. Fig. 1 D, E and F show the elec- 
trophoretic pattern of the lipoprotein concen- 
trate at different dilutions. Addition of this 
material to normal serum results in an in- 
crease of the 8-globulin and a concomitant 
decrease in albumen (Fig. 1 B, C and Fig. 2). 
This excess lipoprotein causes no major alter- 
ation or disturbance of the general pattern 
and the individual peaks are easily discern- 
ible. It might, therefore, be inferred that the 
pattern disturbance seen in lipemic serum(9, 
10) is not due to the low density lipoprotein 
but to some other substances. 

On the other hand, removal of the.low den- 
sity lipoproteins results in a decrease in the 
B-globulin peak and to a smaller extent in the 
ay- and y-globulin peaks (Fig. 1 G). When 
lipoprotein concentrate is added to this solu- 
tion it gives almost the same results as when 
it is added to whole serum (Fig. 1 H). The 
only difference is that the as-globulin does not 
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FIG. 2. Effect of adding lipoprotein concentrate 
to normal serum as calculated from electrophoretic 
patterns. 


change as it does with normal serum. 

It is realized that lipoproteins produce vari- 
ous boundary artifacts in free electrophoresis; 
however, the technic here suggested can, be 
used to study various changes in lipoproteins 
during metabolic studies. The effect of vari- 
ous agents on the electrophoretic properties 
can be observed on a macro scale, and clinical 
comparisons of lipoproteins under different 
conditions can be made. 

Summary. Analyses by free electrophoresis 
have been made on the low density lipopro- 
teins obtained by centrifugation of serum at a 
solution density of 1.063. At pH 8.6 the lipo- 
proteins give a clear electrophoretic pattern 
showing concentration dependence, but no 
change in mobility with increase in concen- 
tration. Addition of this material to normal 
serum or lipoprotein-poor serum results pri- 
marily in an increase in the £-globulin peak. 
On the other hand, when the lipoproteins are 
removed from the serum a significant decrease 
in this peak is observed. This method is sug- 
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gested for possible metabolic studies with 
these lipoproteins. 
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Daily Changes in 5-Hydroxytryptamine Concentration in Mouse Brain.*t 


(22586) 


P. Avprecut, M. B. VisscHeEr, J. J. BITTNER, AND F. HALBERG. 


Department of Physiology, University of Minnesota Medical School, and Cambridge State School 
and Hospital, Cambridge, Minn. 


The status of our knowledge on 24-hour 
periodicity has been reviewed from neuro- 
physiologic(1) and endocrinologic points of 
view(2). Almost certainly, 24-hour periodic 
body function involves a nervous-endocrine- 
metabolic sequence(3), and in this connection 
the behavior of neurohumors around the 24- 
hour time scale appears to be of interest. 
Earlier work from this laboratory has dealt 
with the effects of 5-hydroxy-tryptamine (5- 
HTA) upon the number of circulating eosino- 
phils(4), and thus, perhaps, with the effects 
of this neurohumoral agent upon adrenal 
mechanisms of physiologic 24-hour period- 
icity. This report is concerned with the daily 
changes in the concentration in mouse brain 
of 5-HTA itself. From thorough reviews of 
the literature on 5-HTA, made by Erspamer 
(5,6), it would appear that this problem has 
not previously been considered. 

Materials and methods. Seven series of de- 


* This work was aided by grants from Am. Cancer 
Soc. (Institutional and Minnesota Division Grants), 
the Elsa U. Pardee Foundation, U. S. Public Health 
Service, and Graduate School Fund, University of 
Minn. 

+ Grateful acknowledgement is due to Miss M. 
Cameron for her excellent technical assistance. 


terminations were made on ZBC? mice, male 
or female, 5 or 7 weeks of age. Purina Fox 
Chow and tap water were available to all of 
the mice since weaning and until sacrifice. 
For at least 7 days prior to sacrifice, the mice 
were singly housed in a room maintained at 
78 + 2°F, and illuminated by artificial light 
only. A clock controlled switch turned the 
lights on at 06:00 and off at 18:00. 


In a given series, groups composed each of 
25 mice were used during certain periods of 
day (specified under results). During any 


one period of day, individual mice were de- 


capitated, a mid-line incision was then made 
through the skull with small, pointed scissors, 
the skull divided, and the entire brain was 
removed and weighed to the nearest milligram 
on a torsion balance. Immediately after 
weighing, the brain was transferred to a pre- 
viously cooled mortar containing 95% ace- 
tone (20 ml/g, as suggested by Amin ef al. 
(7)) and crushed with a pestle. The time 
elapsed between decapitation and the begin- 
ning of extraction did not exceed 114 minutes. 


t+ ZBC mice are obtained by mating F, hybrid 
females of several stocks to a male of the Z or Zb 
stock. 
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After a minimum of 24 hours, the acetone 
extract was filtered off, and the brain residue 
was re-extracted with an equal volume of cold 
95% acetone. The 2 extracts were combined 
and evaporated to dryness at 37°C in vacuo. 
The dry residue was taken up in 3 ml of 0.1 
N HCl, and its 5-HTA content determined 
spectrophotometrically according to the 
method of Udenfriend e¢ al.(8), with only 
slight changes made in order to adapt the 
procedure to available equipment. Each of 
the values for brain 5-HTA concentration 
here discussed is based upon the pooled ex- 
tract of 25 mouse brains. The specificity of 
the method has been discussed by Udenfriend 
(8), and the possible interference by materials 
other than 5-HTA has not been evaluated 
herein. Methodologically, a check of sensi- 
tivity was first undertaken. Quantities of 6 
pg of synthetic 5-HTA in water solution could 
reliably be determined, in close agreement 
with Udenfriend’s report. Next, pools of 
mouse brains were studied in order to obtain 
5-HTA values of comparable magnitude. The 
choice of as many as 25 mouse brains as 
source material for one extract was made in 
view of earlier work on brains from several 
species(7,9,10), in the light of which the ne- 
cessity of such a pool was anticipated. Third, 
pools with and without added 5-HTA were 
extracted and analyzed, and in two such 
studies about 90% of the added 5-HTA was 
recovered. 


Results. Among 7 brain pools, obtained in 
an exploratory series at 4-hour intervals from 
08:30 of one day to 08:30 of the next, the 
highest 5-HTA value was found at 12:30 and 
the lowest at 16:30. Subsequently, the study 
was focused upon the detection of changes 
which may occur around these time points. 
Pertinent data from 6 series are shown in 
Table I, which reveals that, on the average, 
the concentration of 5-HTA in brain was 
higher before and around noon than at or 
after 16:30. The corresponding difference of 
.12 + .04 was analyzed by the use of Stu- 
dent’s t and was significant at 2% (t = 2.76; 
P= .011). It also is pertinent that similar 
daily changes may be seen in Table I for 
males of 2 age groups (series 1-5) and for 
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TABLE I. 5-HTA Concentration in Mouse Brain* 
at Certain Times of Day. 


ea 5-HTA, pe /gZ (wet wt) SSN 


Series No. Mean 
Timeiotiday= wh 2013 et Bee Ono + §8.E. 
8:30- 9:30 7 Oh 0 89 81+ .03 
9:30-10:30 82 
TORSO OTe 70 .89 1.05 
12:00-13:00 72 78 74 90 290 
16:30-17:30 62 .55...87 86> .69.-= 203 
17:30-18:30 74 
18:30-19:30 .53 .59 sue 
19 :30-20:30 61 3800 sonics 
20:30-21:30 60 =373 


* Values describe pools consisting each of 25 
brains from ZBC-Bittner mice, 

Males were used for series 1-5, females for series 
6; mice 5 wk of age were used for series 1-3, mice 


yy 


7 wk of age were used for series 4-6. 


females (series 6). But this change in 5-HTA 
concentration as a function of time of day is 
more readily apparent from Fig. 1; the daily 
change stands out clearly in data expressed as 
per cent of series mean. For comparison of 
5-HTA concentrations at several ages, data 
are available in this study on males 5, 7, and 
16 weeks of age. The mean 5-HTA concen- 
tration of 5 pools describing mice 5 weeks 
of age was .74 ypg/g (with SE = O01 
pg/g), while the corresponding values of 2 
pools describing mice 7 weeks of age were .65 
and .74, and that for one pool describing mice 
16 weeks of age was .82. Further observations 
will be needed to clarify the question of pos- 
sible age trends in brain 5-HTA concentra- 
tion. 

Table II compares the 5-HTA content in 
brain pools from mice of the two sexes, but 
of roughly comparable age and stock. With- 
out generalizing beyond the scope of the lim- 
ited sample size employed, it would appear 
that the concentration of 5-HTA may be 
slightly higher in females than in males. The 
analysis of the sex difference of .15 + .07 
yielded a t= 2.03 anda P\of .07. 

Discussion. Previous work on brain 5- 
HTA dealt with the central nervous system as 
a whole, as well as with defined parts thereof. 
By means of bioassay, Twarog and Page(9) 
have reported concentrations of .1 and .36 
pg/e for whole dog brain, and a concentration 
of .24 ywg/g in rat brain. Also by bioassay, 
Amin, Crawford, and Gaddum(7) have thor- 
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FIG. 1. Daily changes in 5-HTA concentration in mouse brain expressed as % of mean for each 
series. 


oughly analyzed the 5-HTA content in de- 
fined parts of the brain of the dog. More 
recently, Pletscher, Shore, and Brodie(10), 
using a chemical method, have reported a 
“normal average” of .54 »g/g in rabbit brain. 
Using the same chemical method, Bogdanski 
and Udenfriend(11) have reported concen- 
trations of between .07 and 1.75 ypg/g for 
various parts of dog brain, and between .30 
and 1.78 yg/g for various parts of cat 
brain. In both instances, the highest con- 
centrations were found in the hypothala- 
mus. The data of this report on mouse 
brains are roughly of the same order of mag- 
nitude. Moreover, if, as seems likely, the ap- 


parent 5-HTA in brain determined chemically 


in this study is identical with authentic 5- 


TABLE II. Sex Comparison* of Brain 5-HTA in 
ZBC Mice, 5 and 7 Weeks of Age. 


Sex of No. of 5-HTA, ug/g, 
mice poolst , mean + §.E. 
4 6 78 .05 
Q 5 93 + .04 


* Based upon data obtained during daily time 
period of apparent peak concentration (Table I 
and text). 

+ Each pool consisting of 25 mouse brains. 


HTA, several suggestions can be made on the 
basis of the data presented herein. 

1. It would appear that the 5-HTA con- 
centration in mouse brain constitutes a 24- 
hour periodic variable. This finding is clearly 
visualized in Fig. 1, in which the data of each 
time series are expressed as % of series mean, 
1.€., as relative 5-HTA concentrations. Even 
though the absolute values at the time of 
daily peak concentration appear to exhibit a 
sex difference (being higher in females than 
in males studied at the same time of day, 
Table II), both sexes exhibit similar “within 
day” changes (compare series 6 with series 
1-5, Fig. 1). 

2. The temporal placement within the 24- 
hour period of the daily decrease in brain 
5-HTA concentration is of added interest. 
Under the conditions of this study, this de- 
crease precedes the usual period of onset of 
increased body activity, which in the noc- 
turnal mouse occurs around the beginning of 
the dark period(12). It may be pertinent 
that daily adrenal activation in mice does oc- 
cur during roughly the same period(2,13) and 
also that Bertelli, Cantone, and Martini have 
implicated 5-HTA as a mechanism of ACTH 
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release from the anterior pituitary(14). 

3. (And also apparent from Fig. 1) the 
extent of daily change in brain 5-HTA con- 
centration is relatively small as compared 
with the amplitude of 24-hour changes ob- 
served under standardized circumstances for 
some other body functions of rodents(2,15). 
The suggestion by Pletscher, Shore, and 
Brodie(10) that 5-HTA exists mainly in a 
bound form comes to mind in this connection. 
Before this assumption is validated, the possi- 
bility that those changes noted herein may re- 
flect primarily changes in free 5-HTA can 
hardly be discussed. It also must be remem- 
bered that 5-HTA behavior of the entire brain 
was studied herein. Thus, drastic changes in 
certain parts of the brain, like the hypothala- 
mus, may be obscured if other parts of the 
brain do not vary at the same time in the 
same direction. Analysis of these problems 
must await the study with more sensitive pro- 
cedures(8) of the behavior along the 24-hour 
time scale of 5-HTA concentration in various 
areas of the brain. 


Summary. ZBC mice, male or female, 5 or 
7 weeks of age, were studied under conditions 
standardized for evaluation of 24-hour peri- 
odicity. A small but significant decrease in 
5-HTA concentration of brain pools was 
noted prior to usual time of arousal. A sex 
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difference in brain 5-HTA concentration also 
was recorded, the females exhibiting slightly 
higher values. 


The authors are indebted to Dr. M. Speeter, Up- 
john Co., and to Dr. R. K. Richards, Abbott Co., for 
generous gifts of 5-HTA, used as standards. 
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Metal Chelates as Therapeutic and Detoxifying Agents in Gas Gangrene.* 
(22587) 


MeERwWIN MosxkowltTz. 


(Introduced by Henry Koffler.) 


Division of Bacteriology, Department of Biological Sciences, Purdue University, Lafayette, Ind. 


The ability of ethylenediamine tetraacetic 
acid (EDTA) to protect mice against a lethal 
dose of Clostridium perfringens Type A toxin 
has been noted(1). It was shown that this 
protection was due to the metal chelating abil- 
ity of EDTA inasmuch as it was reversed by 
Znt++, Cot+ and Mn++. In those experi- 
ments the toxin and EDTA were mixed to- 


* Aided by a grant from the Purdue Research 
Foundation and Grant G-3444 of the National Heart 
Institute, National Institutes of Health. 


gether before injection but it appeared that 
EDTA could also protect when given inde- 
pendently of the toxin. In relatively large 
doses EDTA is toxic for animals because it 
induces hypocalcemia, and thus large amounts 
cannot be administered safely. Although 
Ca++ activates the principal lethal compon- 
ent of this toxin, a lecithinase, it was demon- 
strated that it did not reverse the protective 
effect of EDTA. This observation suggested 
that the calcium chelate of EDTA (Ca- 
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TABLE I. Protective Effect of CaEDTA in Mice 
Injected with Cl. perfringens Toxin. 


Cone. CaEDTA No. survivors/ 


inj. (%) No. animals inj. 
5 10/10 
2.5 8/10 
al 7/10 
Ay) 3/10 


0 0/10 


EDTA), which is non-toxic, may be of value 
in protecting against the toxin, and also per- 
haps as a therapeutic agent in gas gangrene. 
Cl. perfringens is the organism most fre- 
quently involved in gas gangrene and its viru- 
lence is thought to be due to a battery of en- 
zymes which aid it in invading tissues. It was 
hypothesized that if CaEDTA inhibited all, 
or some of these enzymes, the invasiveness of 
the organisms would be curbed and the infec- 
tion would be stopped. In this report evi- 
dence that CaEDTA does protect animals 
against a toxic culture filtrate of Cl. perfrin- 
gens and experimental gas gangrene is pre- 
sented. 


Procedures and results: Protection against 
a toxic culture filtrate: It was determined 
that 0.5 cc of a 1:4 dilution of a toxic culture 
filtrate of Cl. perfringens Type At contained 
2 M.L.D. when injected intracutaneously 
(1.C.) into 20-25 g white mice. All mice died 
within 24 hours with this dose of toxin, The 
CaEDTA used was a purified preparation dis- 
pensed for the treatment of lead poisoning.? 
All dilutions of the CaEDTA and toxin, and 
in later experiments the cultures and EDTA, 
were made in sterile 0.15 M NaCl.  Five- 
tenth ml of toxin was injected I.C. into one 
side of the abdominal surface and at the same 
time 0.5 ml of the CaEDTA solution was in- 
jected I.C. into the abdominal surface on the 
other side of the mouse. The results are 
given in Table I. The survivors given toxin 
plus 5% or 2.5% CaEDTA manifested nor- 
mal activity and no sign of illness, while those 
surviving with 1% and 0.3% CaEDTA were 


t Kindly supplied by Lederle Laboratories Division, 
American Cyanamid Co. 

+ Sold under trade name of Versenate. It is the 
calcium disodium salt of EDTA. Kindly supplied 
by Riker Laboratories, Inc., Los Angeles, Calif. 
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ill for a few days before resuming their nor- 
mal activity. 

Protection against experimental gas gan- 
grene. These experiments were initiated on 
an exploratory basis but the results are so 
definitive that they are deemed worthy of be- 
ing reported at this time. Lack of animal 
facilities prevented the use of larger numbers 
of animals, thus there is a variation in the 
number of animals in some experimental 
groups and questions relating to the optimum 
therapeutic utilization of CaEDTA remain to 
be answered. A strain of Cl. perfringens iso- 
lated from a patient with gas gangreneS was 
grown in a medium composed of 3% Trypti- 
case Soy Broth and 1% Proteose Peptone #2. 
An infection was initiated by injecting a dilu- 
tion of a 5 hr culture into the thigh muscle of 
a guinea pig. CaEDTA was administered by 
subcutaneous injection of a 5% solution into 
the axillary region. The dose was 30 mg/100 
g and was equally divided between each ax- 
illa. The initial injection of CaEDTA was 
made at the same time the culture dilution 
was injected. When more than one injection 
of CaEDTA is recorded they are each at this 
dosage level at approximately 12-hour inter- 
vals. In some experiments the culture was 
diluted either in 1% CaEDTA or 1% EDTAI! 
and the volume of these suspensions injected 
was the same as that recorded for the culture 
dilution. These latter solutions were ad- 
justed to pH 7.3 before the cultures were di- 
luted in them and it was determined that they 
were not bactericidal in these concentrations. 
The different groups of animals in an individ- 
ual experiment were injected with aliquots of 
the same culture dilution within the time in- 
terval necessary to carry out the injections. 
The results of the experiments are recorded 
in Table IT. 


Comments. In Exp. I, the animals in 
Groups B and D were slightly ill, except for 
the one fatality which became ill on the third 
day. Except for Group D in Exp. III, none 
of the treated animals in Exp. II and III 


§ “Geiger” strain. Obtained from Laboratory of 
Dr. John Maclennan. 

|| Disodium Dihydrogen Versene, analytical reagent. 
Kindly supplied by Dow Chemical Co, 
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TABLE II. Effect of CaEDTA and EDTA on Experimental Gas Gangrene. 

fit at fees Rene ge Extent of lesion 

Time of death of survivors|| 

No. ani- (No. in each 

Dilution of malsin (No.deadinhr) No. sur- category ) 

Exp. culture inj.* Treatment group§ 24 48 72 96 120  vivors A B,C) Dk 
igus ey aug REG None iid meh mente ee 0) Le 
B R 5 inj. CaEDTA 4 Ope O Oa O si yet 3 0'\ 0s 235 10580 
Cc 1:100 None - 2 2—-—— — 00 See 
D ‘3 5 inj. CaEDTA 4 CHOe Om ORe tO 00 4—— 
Tees 28. 1:50 None 8 pee oma! Sore A ye) Bt 0. 0) 708 70Rs 
B Ks 3 inj. CaEDTA 8 Sk HNO) 0) 8 A Spa Ome 
C < is “ 6 O05 10% 10290 6 3° 0 a sOn a0 
D i Culture dil. in EDTA 5 OO-2:0% 207 10 5 1h, $38 ROReG. 
TII A 1:20 None 0 5 4 1— — 0 ——— —— 
B 2 1inj. CaEDTAt 0 Opp Ons OOS m0, 10 7 925 SOMO 
C 2 Culture dil. in EDTA + Qader Oe 0) 4 A: * Oe Oi ees 
D cg & 4 ee Caius. 4 OS OR AO). eedimmealt 2 "0  O Ome 


*0.5 ml in Exp. I; 0.25 ce in Exp. II and III. 
+ Three animals given 2nd inj. 


¢{ Unlike other survivors, who were recovering, these had gaping holes in their sides and were mori- 


bund (see text). 


§ Wt range of animals: Exp. I, 750-900 g; Exp. II and III, 300-500 g. 


|| Extent of lesion: Lesion recorded is maximum that developed (see text). 


at inj. site. 
rear quadrant. 


B. Definite swelling at inj. site. 


became ill, in spite of the lesions that devel- 
oped in many of them. The lesions of treated 
animals recorded as A, B and C in Table II 
developed to that extent within the first 24 
hours after injection, and started to subside 
after that time. At the end of the 5-day ex- 
perimental period most of them were healed. 
The lesions of treated animals recorded as D 
and E developed to that extent in the course 
of about 4 days, then started to subside. 


Discussion. Inasmuch as the toxins of Cl. 
perfringens are thought to be responsible for 
the ability of the organism to invade tissues 
and cause death, the fact that CaEDTA pro- 
tects against a lethal dose of the toxin sug- 
gests that it protects against experimental in- 
fection by inhibition of one or more of the 
toxins that are produced. Although only a 
small number of animals were involved, when 
the organisms were suspended in either Ca- 
EDTA or EDTA the latter appeared to have 
a greater protective effect. These results do 
not detract from the effectiveness of CaEDTA 
when given systemically in view of the marked 
differences in dosage used with the 2 methods 
of administration. They do suggest, how- 
ever, that the optimum therapeutic approach 


A. Slight or no swelling 


C. Swelling involves most of thigh. D. Swelling involves 
E. As in D, but with gas spreading up side of body. 


may be to use CaEDTA systemically and 
EDTA locally. It was previously suggested 
(1) that CaEDTA protects against the toxin 
because Zn++, Co+t+ and Mn+, either of 
which are necessary for the action of the toxin 
in the presence of CaEDTA, are preferen- 
tially complexed over Ca++. If this hypothe- 
sis obtains, the protection afforded by the 
CaEDTA when administered systemically 
suggests that the “free” metallic ions in the 
body that are preferentially complexed over 
Ca++ are complexed and prevented from 
playing an active role in the body. Inasmuch 
as these ions may play a role in the growth 
of some microorganisms or the activity of the 
toxins produced by them, the use of CaEDTA 
and related chelating agents may be of value 
in other infectious diseases. Also, inasmuch 
as the activity of some drugs, such as salicylic 
acid(2) and isoniazid(3), is thought to in- 
volve chelation, other chelating agents such 
as CaEDTA may exert a synergistic action by 
controlling the amount of “free” metallic ions 
in the body. 


Summary. It has been demonstrated that 
CaEDTA can protect mice against a lethal 
dose of Cl. perfringens toxin, and guinea pigs 


f 


—— 
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against experimental gas gangrene. 


1. Moskowitz, M., Deverell, M. W., and McKinney, 
R., Science, 1956, v123, 1077. 
2. Schubert, J.. in Chemical Specificity in Bio- 
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logical Interactions, Academic Press, New York, 1954, 
3. Albert, A., Nature, 1956, v177, 525. 
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Responses in Molt and Lay of Fowl to Progestins and Gonadotrophins.* 
(22588) 


Mary JUHN AND Paut C. Harris. 


Department of Poultry Husbandry, University of Maryland, College Park. 


The effects of progesterone in initiating pro- 
liferation of the resting feather papilla with 
consequent molt of the old plumage is well 
established(1), but there is as yet no clear 
picture of the point of attack of the steroid in 
this process. Local stimulation is entirely 
conceivable in view of the importance of the 
mesodermal component in feather regenera- 
tion. The experimental demonstration, how- 
ever, has not proven entirely satisfactory (2), 
although the technics employed may later be 
found to have been inadequate. Alterna- 
tively, progesterone could be thought to act 
through its effects in the pituitary, the inter- 
ruption of lay which follows its administra- 
tion being especially suggestive in this regard. 
These alternatives were further investigated. 
Laying hens were treated with compounds 
other than progesterone having expected pro- 
gestational activity in one series of experi- 
ments. Complementary experiments on pos- 
sible interference of gonadotrophins or pro- 
lactin with the known response to progester- 
one were carried out simultaneously. 

Methods. The hens used belonged to a 
strain of New Hampshires maintained at the 
‘University of Maryland Poultry Farm. They 
were in their first;)year of lay and had com- 
pleted the normal autumnal molt when 
brought into the laboratory. Each bird was 
placed in a single cage and individual egg 
records were kept for over a month prior to 
treatment. Distribution of the birds to the 
experimental groups was made on the basis 


* Scientific Paper No. A563. Contribution No. 
2720 of the Md. Agr. Exp. Station (Dept. of Poultry 
Husbandry). 


of these records. Individual egg records were 
continued during the period of treatment and 
for about 6 weeks thereafter. For tabular 
representation, weekly production per group 
was used. Date of molt was arbitrarily set as 
the day when all birds in the group had com- 
menced. a regular daily shedding of body 
plumage. Duration of molt was counted to the 
day when the entire group had ceased daily 
feather loss. No attempt was made to record 
feather number per hen but notations were 
made of noticeable differences in individual 
intensities of shedding. One control group 
served for all the concurrent experimental 
series. Testosterone propionate (TP), 50 
mg/ml and _  desoxycorticosterone acetate 
(DCA), 10 mg/ml were dissolved in 8 parts 
sesame oil and 2 parts benzyl alcohol. Corti- 
sone acetate (CA) was suspended in the same 
vehicle, 10 mg/ml. Progesterone (Pg.) was 
administered as a preparation having slow ab- 
sorption from local depots.t Pregnant mares’ 
serum (PMS) was Cutter’s “Serum Gona- 
din.” Follicle stimulating hormone (FSH), 
luteinizing hormone (LH) and _ prolactin 
(LTH) were Armour’s! preparations. 
Results. Series I. TP and DCA were in- 
jected as multiples of the Pg. dosage, corre- 
sponding roughly to the respective ratios 
given by Hooker and Forbes(3) for systemic 
administration in the mouse. Cortisone ace- 
tate was injected as the weight equivalent of 
the DCA dosage. Details of administration 


+ Repositol Progesterone, Pitman-Moore Co. 

t The FSH, LH and LTH preparations were most 
kindly furnished by Dr. I. M. Bunding, Armour and 
Co., Chicago, Ill. 
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TABLE I. Effect of Compounds with Progestational Activity and of Cortisone Acetate upon 

Lay and Molt in Hens. Progesterone was given as a single intramuscular injection Jan. 9. 

TP, DCA and cortisone acetate (CA) were injected subcutaneously daily at the indicated levels 

Jan, 9-14, and 16-21, Controls were untreated. Onset of molt is counted in days from day 1 of 
treatment; duration, days. 


No. of eggs laid by groups of 5 birds each 


—— Molt —— 


Treatment,mg 12/27 1/3 1/10 1/17 1/24 1/31 2/7 2/14 Onset Duration 
Controls 24 25 20 18* 20 22 20 21 — 0 
Pg. 20 24 22 2 itil 9 8 12 14 16 10 
TP 50 23 22 3 2 0 0 0 0 26 35 
DCA 10 24 26 3 0 0 1 8 21 12 19 
CA 10 23 23 2] 24 24 23 19 20 — 0 


* One bird became diseased and ceased lay. 


and effects in reproduction and molt are listed 
in Table I. DCA and TP both suppressed 
lay and there was a subsequent molt. How- 
ever, DCA acted more rapidly with respect to 
both processes and for shorter periods. CA 
was wholly inactive; the records of this group 
show that daily handling of the hens was not 
a factor in the results obtained with other 
agents. 

Series IJ, Gonadotrophins were given in 
10-fold difference, singly and in combination 
with a constant Pg. dose. Details of adminis- 
tration and effects on egg production and molt 
are listed in Table II. PMS, 20 r.u., was in- 
effective on rate of lay; with the addition of 
Pg., lay ceased at once. A gradual diminu- 
tion of egg number, more marked with FSH, 
followed the injection of FSH, 1.0 mg or of 
LH, 0.5 mg; the addition of Pg. brought a 
prompt interruption. When the gonadotro- 
phins were administered at the higher levels, 


t+ One bird died. 


the presence of Pg. brought only a slight aug- 
mentation in the early period of response. 
Molt occurred wherever lay ceased. 

The FSH treated hens were conspicuous for 
the appearance of soft-shelled eggs at 1.0 mg 
and of 2 soft shell eggs upon the same day at 
both dosages of FSH plus Pg. These obser- 
vations of premature and multiple ovulations 
are interesting although admittedly incom- 
plete in absence of autopsies which were in- 
compatible with records of molt. 

LTH at 0.5 and 5.0 mg differed markedly 
from the preceding. Lay was practically un- 
affected with the low dosage; with the higher 
level, it was somewhat diminished, but only 
for the period of treatment. The effect of Pg. 
with LTH became apparent only at that same 
period where it further depressed egg number. 
At no time, however, was ovulation entirely 
interrupted and within about a week all 4 
groups of hens returned to normal lay. LTH 


TABLE IT. Effeet of Anterior Pituitary Gonadotrophins and of Pregnant Mares’ Serum, Singly and in 

Combination with Progesterone, upon Lay in Hens. PMS, FSH, LH and LTH were injected subeuta- 

neously daily into 3 birds at indicated levels Jan, 9-14, and 16-21. Figures in parentheses are numbers. 

of eggs laid by 3 birds upon identical treatment but which in addition received a single intramuscular 

injection of Pg., Jan. 9. Egg number of 8 birds receiving Pg. alone are entered in bottom line. Onset 

of molt is counted in days from day 1 of treatment; duration, days. Entries in parentheses apply as in 
records of lay. 


iz Egg No.2, ———Molt—__, 
Treatment 12/27 1/3 LO L/L 7/24 alyeub 2/7 2/14 Onset Duration 
PMS 20 ru. 12(16) 12(14) 15(0) 16(0) 14(0) 12(0) 10(0) 13(0) —(12)  0(38) 
200 17(14) 15(13) 5(0) 2(1) 0(0) 0(0) 0(0) 0(2)  19(12)° 28(38) 
FSH 10mg 16(13) 15(13) 5(5) 2(2) 100) 0(0) 0(0) 2(0) 15(14) 19(23) 
10.0 14(15) 14(15) 9(7) 4(4) 000) 0(0) 0(0) 0(0)  18(11) 28(25) 
LH 5 12(16) 13(14) 15(1) 16(4) 10(0) 8(0) 8(0) 9(0) —(16) — 0(28) 
5.0 13(16) 15(14) 5(2) 0(0) 0(0) 0(0) 0(0) 0(0) 16(18) 29(81) 
LTH» .6 15(11) 14(13) 14(4) 12(1) 15(8) 16(14) 17(18) 17(15) —(14) 0 (5) 
5.0 15(14) 15(14) 11(2) 4(1)  7(4) 18(18) 18(15) 16(14)  6(14) 18 (7) 

Pg. 20 14 13 0 3 5 4 7 1 16 10 
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thus differs sharply from PMS, FSH and LH 


in offsetting the effect of Pg. rather than aug- 
menting it as did these gonadotrophins. Fur- 
thermore, molt appeared at the 5.0 mg level 
even though lay had not been wholly sup- 
pressed. 


Discussion. The data presented here show 
that an interrupted reproductive phase does 
not necessarily lead to immediate activation 
of the papilla (TP, Table I) and conversely, 
that molt may occur with continued lay 
(LTH, 5 mg; Table Il). The present records 
of molt take the shedding of the standing 
feather as measure of onset. Actually, the 
first events in the papilla occur about a week 
to 10 days sooner since approximately that 
time is required for the formation of the un- 
derlying feather that ultimately expels its pre- 
decessor. This activation occurred early in 
the periods of treatment, remarkably so with 
LTH, with the one significant exception of 
TP treated hens. On the supposition that 
progestins may directly stimulate the papilla, 
the delayed response of the TP group could 
suggest a transformation of part of the andro- 
gen to another, progestationally effective com- 
pound as has been suggested by Hooker and 
Forbes(3) in the mouse. However, Layne and 
Common(4) describe a more rapid onset of 
molt, toward the end of 10 days of treatment 
with TP, 5.0 mg/day. These tests were run 
on immature pullets, 59 days of age, perhaps 
explaining the difference. The absence of any 
reaction with cortisone acetate is not surpris- 
ing since Hertz and Tullner(5) have recently 
pointed out its lack of progestational activity 
in the rabbit. 

Summary. Progesterone, appropriately ad- 
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ministered, has the capacity to a) induce pro- 
liferation of the feather papilla with conse- 
quent molt, and b) interrupt a laying period. 
Several compounds with known or suspected 
progestational activity were tested to ascer- 
tain their effectiveness in these respects. De- 
soxycorticosterone acetate interrupted lay; 
molt was initiated soon thereafter. Testos- 
terone propionate similarly interrupted lay 
but molt was evident only after considerable 
delay. Cortisone acetate was ineffective in 
either process. Other experiments examined 
the action of several gonadotrophins given in 
10-fold difference of dosage, alone and in con- 
junction with a constant progesterone dosage. 
Pregnant mares’ serum, follicle stimulating 
hormone, or luteinizing hormone in adequate 
dosage diminished or interrupted lay for 3 
weeks or more beyond the actual time of 
treatment. Progesterone augmented all such 
effects. Molt occurred if lay ceased. Pro- 
lactin affected lay very slightly and counter- 
acted interference by progesterone. Molt oc- 
curred very early with prolactin alone and 
was brief and light with progesterone given 
simultaneously. At the higher dosage level, 
some molt appeared even though lay was not 
entirely suppressed. 
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Inhibition of P®?-Orthophosphate Exchange by Sodium Fluoride in 
Erythrocytes from Patients with Hereditary Spherocytosis.* (22589) 


H. TasecuiAn, K. I. ALTMAN, AND L. E. Youne. 


Departments of Medicine and Radiation Biology, University of Rochester School of Medicine and 
Dentistry and Medical Service of Strong Memorial Hospital, Rochester, N. Y. 


To elucidate the mechanism underlying the 
abnormal metabolic behavior of inorganic 
phosphate previously demonstrated(1,2) in 
red cells from patients with hereditary sphero- 
cytosis (HS), experiments were carried out to 
determine whether any difference existed in 
the effect of fluoride on the orthophosphate- 
P®? exchange reaction between the extra- and 
intra-cellular compartments. The rate of dis- 
appearance of orthophosphate-P** from the 
plasma at 37°C was used as an index of this 
isotope exchange reaction(3). As illustrated 
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FIG. 1. Orthophosphate-P® exchange by normal 


and HS red cells in presence of 10° M Nak; time 
of addition of NaF indicated by the arrow. P*® 
activity in plasma (ordinate plotted logarithmi- 
cally) expressed as counts/min. (¢.p.m.)/ml of 
plasma corrected to an initial standard addition of 
10° ¢.p.m./ml of plasma. Results presented here, 
obtained with single specimens of normal and HS 
blood, are representative of those obtained with 
blood samples from 5 hematologically normal per- 
sons and from each of 6 patients with hereditary 
spherocytosis; 3 of patients had been splenecto- 
mized. 


* This study was supported by a research grant 
from the Office of the Surgeon General, Department 
of the Army. This report is based in part on work 
performed under contract with the U. S. Atomic 
Energy Commission at University of Rochester 
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in Fig. 1, rbc from HS patients are more sen- 
sitive to fluoride than normal rbe with respect 
to the orthophosphate-P*” exchange reaction. 
Results obtained with blood from splenecto- 
mized patients did not differ significantly 
from those obtained with blood from non- 
splenectomized patients. Reticulocytosis in 
the latter group did not appear to affect the 
results significantly. 


It is noteworthy that in both normal and 
HS cells, adenosine causes a reversal of the 
inhibitory effect of fluoride and of iodoacetate 
(4), suggesting that certain products of aden- 
osine metabolism are effective in removing the 
fluoride block. 

Inhibition of orthophosphate-P*? exchange 
by fluoride implicates enolase as a point of 
blockage. This interpretation is supported 
by the enhancement of fluoride inhibition in 
the presence of additional unlabeled ortho- 
phosphate (final concentration, 10° M)(5). 
The finding that adenosine counteracts not 
only the effect of fluoride but also that of iodo- 
acetate suggests that the effective products of 
purine riboside metabolism may be contrib- 
uting directly to the formation of phospho- 
enol-pyruvate, perhaps by way of hydroxy- 
pyruvate, without prior conversion to triose 
phosphates. 

It was deemed worthwhile to ascertain 
whether HS cells also differed from normal 
rbc with respect to the effect of fluoride on 
the rate of exchange of intracellular P??- 
labeled phosphate with unlabeled extracellu- 
lar phosphate. To this end blood from hema- 
tologically normal donors and from patients 
with HS was incubated with orthophosphate- 
P®2 for 1 hour. The rbc were then separated 
by centrifugation and washed twice with fresh 
autogenous plasma. The labeled cells were 
finally mixed with fresh plasma in proportion 
to the original hematocrit and reincubated for 
4 hours with or without added fluoride. Re- 


a 


= 


P?? EXCHANGE IN HEREDITARY SPHEROCYTES 
TABLE I. Comparison of Effect of Fluoride on Rate of Exchange of Intracellular P*-Phos- 


phate in Labeled Red Cells from Normal Donors and from Patients with Hereditary Spherocy- 
tosis (HS). 


————— Normal cells — HS cells ——————_, 
Control,* Nak Control,* Nak 
Hot No. additives addedt Control: No.additives addedt Control: 
incubation —e.p.m./ml plasmat— NaF ratio —e.p.m./ml plasmat— NaF ratio 
iat ee oe sien | 1.69” 4300 7780 55 

2 8460 6080 1.39 5720 9400 .60 

3 8060 6380 1.26 6800 9780 .69 

4 10340 7160 1.41 7900 10960 12 


These data, obtained with single specimens of normal and HS blood, are representative of 
those obtained with blood samples from 3 hematologically normal donors and from 3 previously 


splenectomized HS patients. 


* P®-labeled cells, incubated with fresh plasma. 


t Idem 


and 5 & 10° M NaF (final concentration). 


t+ @p.m. = counts/min. obtained with a Geiger-Miiller tube. The count was obtained from 
0.05-ml aliquot of plasma which had been dried onto a small spot on filter paper. 


sultant P*?-activity of the plasma was deter- 
mined at hourly intervals (Table I). The 
data show that the addition of fluoride caused 
an increase in the rate of release of P*? from 
the labeled HS cells, whereas fluoride had the 
opposite effect on normal rbc. The data pre- 
sented indicate that orthophosphate-P*” ex- 
change in HS cells differs in a characteristic 
manner from that in normal human rbc. Al- 
though more information is needed for an 
adequate explanation of these findings, it 
seems likely that enzymes activated by 
Mgt+, such as enolase and ATPase, are in- 
volved. Whether the formation of calcium 
fluoride has any significant relation to the 
observation reported, possibly by bringing 
about changes in electrolyte distribution be- 
tween rbe and plasma(6), cannot be stated at 
this time. 

Summary. 1. The exchange of orthophos- 
phate-P®* by normal human red blood cells 
(rbc) and.rbe of patients with hereditary 
spherocytosis (HS) has been studied in the 
presence of NaF. 2. The flux of orthophos- 


phate-P*? into HS cells could be inhibited 
by 10° M NaF whereas the flux into normal 
rbc remained unaffected by this concentration 
of fluoride. 3. The exchange of intracellular 
phosphate-P*? was studied similarly in normal 
P®*-labeled rbc and in P*?-labeled rbc from 
patients with HS. Addition of NaF caused an 
increase in the rate at which P®? was released 
from HS cells and caused a decrease in the 
rate of release of P®? from normal rbc. 
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Effect of Fetal or Neonatal Immunization on Antibody Response of the 


Adult Rat.*t 


(22590) 


JosrepH A. BAvER, PAuL E. PECKHAM, AND ABRAHAM G. OSLER. 
(Introduced by Z. Ovary.) 
Department of Microbiology, Johns Hopkins School of Hygiene and Public Health, Baltimore, Md. 


It has been reported that animals exposed 
to an antigen during prenatal or early post- 
natal life may fail to produce antibodies to 
the same antigen administered in later life. 
Traub(1) observed that in a mouse colony 
carrying the lymphocytic choriomeningitis 
virus, an intra-uterine infection resulted in 
offspring harboring the virus for many 
months without evidence of immunologic re- 
sponse. Owen(2) described the natural oc- 
currence of reciprocal antigenic tolerance in 
genetically dissimilar dizygotic bovine twins 
having a common placental circulation and 
has more recently described experimental re- 
production of this phenomenon in rats(3). 
Dunsford et al.(4) also described the exis- 
tence of a blood group chimera in a human 
twin having circulating erythrocytes of ‘both 
types O and A, though genotypically blood 
group O. Such observations are in accord 
with the theory of antibody production pro- 
posed by Burnet and Fenner(5), who intro- 
duced the concept of “self-markers,’ and 
postulated that at some time during prenatal 
or neonatal life, animals “take stock” of their 
own “‘antigens” and henceforth can recognize 
an antigen as either autogenous, by not re- 
acting to it, or as foreign and responding with 
antibody production. This theory would im- 
ply that a foreign antigen introduced into an 
animal prior to this stage of self-recognition 
will thereafter be treated as autogenous, so 
that later exposure provokes no immuno- 
logical response. Early attempts by these au- 
thors to provide an experimental basis for this 
concept were unsuccessful(6). Support for 
this hypothesis was given by Billingham, 


* This investigation was supported by a grant from 
the Am. Heart Assn. 

+ The authors are grateful to Dr. Margaret Merrell 
for assistance with statistical evaluation of the data. 
We also wish to thank Dr. Melvin Cohn for the 
opportunity to read his manuscript prior to publica- 
tion. 


Brent and Medawar(7) who demonstrated 
that the breakdown of skin homografts be- 
tween 2 incompatible strains of mice could be 
prevented or greatly postponed by injection 
of splenic or other living cells from the donor 
strain into recipient fetuses. Following this 
observation—termed “actively acquired tol- 
erance’—numerous investigators attacked 
this problem with a variety of soluble and 
particulate antigens or their derivatives in 
several animal species. Some workers did not 
observe acquired tolerance following prenatal 
exposure to the antigen(6,8,9). Where toler- 
ance was observed, relatively massive doses of 
antigen were injected into young animals over 
prolonged periods of time(8,10,11). 

The present study was designed to parallel 
the work of Billingham, Brent and Medawar 
in attempting to induce actively acquired tol- 
erance in rats through prenatal or neonatal ex- 
posure to a cellular antigen. However, our 
experiments differed from the British study 
in that: 1) Unlike the homologous species re- 
lationship in the latter study, an antigen from 
a zoologically distant species was used; 2) 
The antigen consisted of cells not capable of 
multiplication, 7.e. sheep erythrocytes; 3) 
Immunological response was measured by an 
in vitro technic inherently capable of greater 
precision than observations on the survival of 
skin homografts. This approach was selected 
with the rationale that if tolerance resulting 
in prolonged skin homograft survival is based 
on depressed antibody response, such a de- 
pression should be demonstrable in a more 
clearly defined immune system susceptible to 
accurate antibody titration. 

Materials and methods. Animals. Mature 
albino rats of the Wistar strain were used for 
breeding purposes. Antigen. Sheep blood, 
drawn aseptically from a single animal was 
preserved at 2 to 5°C in sterile modified Al- 
sever’s solution(12). It was considered ad- 
visable to use erythrocytes from a single 
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TABLE I. Weights and Ages of Rats at Time of Experiment. 


No. of 
survivors 
at time of 


No. of 
fetuses at 


Group laparotomy challenge 
ates ry ; 20 5* 
B 10 4 
C 8 7 
D 13 9 


Age at time 


of challenge, Cc - Wt, g —— 
wk Range Avg 

10 155-240 188 

10 165-184 175 

10 134-167 147 

9 97-169 125 


paehters lee : OE 3. A he ' 
* 1 rat died during first bleeding. Difference in numbers between second and third columns 


is accounted for by perinatal mortality. 


bleeding for both the primary exposure and 
subsequent challenge, so as to minimize un- 
toward effects due to possible minor antigenic 
variations in erythrocytes taken from differ- 
ent sheep. The cells were washed 3 times 
with 0.85% sterile saline, and a 5% suspen- 
sion in 0.859% saline was prepared for the in- 
jections. This suspension contained approxi- 
mately 8.0 x 10° erythrocytes, per ml as de- 
termined by direct count. Procedure for in- 
trafetal injection, Pregnant animals were an- 
esthetized with ether and the peritoneum was 
entered through a low midline incision. The 
gravid uterus was gently exteriorized, one 
horn at a time, and kept moist with warm 
saline sponges. The fetuses could be clearly 
visualized through the distended, transparent 
uterine wall by oblique illumination. The 
RBC suspension was injected into the peri- 
toneal cavity of each fetus by careful pene- 
tration through the uterus and the lateral ab- 
dominal wall of the fetus with a 0.25 cc tuber- 
culin syringe and #27 hypodermic needle. 
After all fetuses in each uterine horn were in- 
jected, the uterus was carefully replaced in 
the abdomen; and the abdominal incision was 
closed in 2 layers with continuous #0000 
chromic catgut sutures. Determination of 
hemolysin titers. ‘Titer estimations were per- 
formed by means of a spectrophotometric pro- 
cedure currently used in this laboratory. The 
titer is expressed as the dilution of hemolytic 
antibody required to lyse exactly 50.0% of a 
carefully standardized sheep RBC suspension 
in 15.0 minutes, in the presence of an excess 
of guinea pig complement. Determinations 
are generally reproducible to within 10% 
OES). 

Experimental. Animals were mated — by 
placing 2 to 4 females with 1 male for 3 to 5 


days. It was thus possible to approximate 
the fetal age at the time of antigen injection. 
The pregnant animals were divided into 4 
groups, and when the fetuses were about 15 
days old (i.e., 7 days prenatal), intrafetal in- 
jections were made as follows: 

Group A—Intrafetal RBC: 0.03 cc of a 
5% suspension of sheep RBC, injected into 
the peritoneal cavities of 15-day-old fetuses 
(7 days prenatal). Group B—Saline con- 
trols: 0.03 cc of 0.85% saline injected into 
the peritoneal cavities of 15-day-old fetuses. 
Group C—Noninjected controls: Pregnant 
animals were laparotomized but the fetuses 
were not injected. Group D—Postnatal 
RBC: 0.05 ce of a 5% suspension of sheep 
RBC injected intraperitoneally into newborn 
fetuses, within 24 hours after birth. The ani- 
mals in Groups A and D received only a sin- 
gle inoculation of antigen. Those in Group 
A received approximately 2.4 x 10° erythro- 
cytes while those in Group D received 4 x 


TABLE IT. Individual Rat Hemolysin. Titers.* 


6th day post- 
Rat No. challenge titer 


6th day post- 


a 


A lt 30 980 
A2 350 B2 490 
A 3 1260 B3 1020 
A4 1450 B4 1000 
A5 825 
Chal 655 Da 1000 
C2 1850 D2 490 
C3 1070 D3 550 
C 4 1130 D4 1040 
C5 920 D5 615 
1 6 1620 D6 290 
17 610 DOT, 220 
D8 330 
D9 800 


* Pre-challenge baseline titers were less than 20 
for all rat sera except A 4 which had a titer of 34. 
+ This rat was pregnant at time of challenge and 
was not included in statistical evaluation of results. 
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10’ cells to compensate for increased body 
weight. The young were weaned at 20 to 25 
days of age and maintained on the standard 
laboratory diet. At 9 or 10 weeks of age, 
each rat was bled from the ophthalmic venous 
plexus(14) to obtain 0.5 to 1.0 cc of blood 
for baseline determinations of hemolytic anti- 
body. On the same day all animals were 
challenged with an intravenous injection of 
1 cc of a 0.25% suspension of sheep RBC. 
On the 6th post-injection day, when anti- 
sheep RBC hemolysin titers are maximal(15), 
a second serum sample was obtained to deter- 
mine the hemolytic antibody response. 
Results. All animals were weighed at the 
time of weaning and at regular intervals 
thereafter until termination of the experi- 
ment. The growth rates in the 4 groups were 
entirely comparable. Final weights and ages 
of the rats at the time of challenge are shown 
in Table I. The baseline antisheep RBC 
hemolysin titers, determined in serum speci- 
mens drawn just prior to the challenge anti- 


TABLE III. Mean Titers on Sixth Post-Challenge 
Day. 


Stand. error 95% confidence 


Group Mean titer of meant limits of meant 
A 9714490 192 587-1355 
B 872 + 254 192 488-1256 
Cc 1122 + 466 145 832-1412 
D 591 + 300 128 335— 847 


Pooled 383* 


* As there is no significant difference in stand. 
dey. of the 4 groups, the 4 values were pooled to 
obtain a more accurate stand. dev. based on a 
larger sample of animals. 

+ Calculated from this pooled stand. dey. 
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gen injections, were less than 20 in all but 
one of the animals (see Table II). With re- 
spect to the post-challenge titers, there is no 
statistical difference between the intrafetal 
antigen injection group (A), the saline control 
group (B), and the non-injected rats (C). 
The titer of the postnatal antigen injection 
group (D) does not differ significantly from 
either A or B, although there is a significant 
difference (0.02 >P>0.01) from non-injected 
rats (C) (Table III). Fig. 1 illustrates the 
distribution of individual rat hemolysin titers 
(arrows), as well as the mean titers (vertical 
lines) and 95% confidence limits of the mean 
(triangles). 


Discussion. These experiments demon- 
strate that rats exposed to a foreign antigen 
during the perinatal period retain the capacity 
for an unaltered antibody response to this 
antigen when mature. The findings are thus 
at variance with those of Billingham, Brent 
and Medawar, in that “actively acquired tol- 
erance” was not observed. On the sixth post- 
challenge day, all animals but one exhibited a 
pronounced rise in hemolysin titer from base- 
line levels. The only rat which failed to re- 
spond proved to be pregnant during the chal- 
lenge period. The mean post-challenge titers 
of the 4 groups, except those of groups C 
and JD, are statistically similar. The mean 
titer of the postnatal RBC injected group 
(D) is significantly lower than that of the 
non-injected rats. Conceivably this differ- 
ence may be due to the younger age of the 
group D animals, to their postnatal exposure 
to the amount of antigen injected, or to a 
combination of both factors. Even if the dif- 
ference in titers is the specific result of neo- 
natal exposure to the antigen, it seems un- 
likely that such a slight antibody depression 
might be expected to account for tolerance to 
homografts. The diminution of antibody re- 
sponse observed in the group D rats is far less 
pronounced than that reported by others in 
postnatally exposed animals(8,10,11). 

In view of the disparity between the re- 
sults of this and previous studies on im- 
munologic unresponsiveness, an analysis of 
the differences in experimental conditions is 
indicated. As outlined above the perinatal 
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exposure to antigen in the present work con- 
sisted of a single inoculation of a relatively 
small amount of cells incapable of multiplica- 
tion. By contrast, tolerance was achieved in 
the previous studies when immature animals 
were subjected to a prolonged contact with 
relatively massive doses of antigen. In some 
instances the antigenic dosage was of sufficient 
intensity and duration so that prolonged per- 
sistence of circulating antigen was demon- 
strated(8,10). In other instances antigen ad- 
ministration consisted of daily injections for 
several months(11). A suppression of mean 
agglutinin titers was recently reported in 
groups of chickens exposed as embryos, to a 
single injection of dead Salmonella pullorum 
(16). Where individual titers were given by 
the author, the overlap in antibody response 
between the experimental and control chick- 
ens was essentially similar to that observed in 
the present work. Furthermore, the conclu- 
sions drawn in(16) were based on serum dilu- 
tion titers and are not in accord with those 
derived from similar experiments in chickens 
performed by Cohn(9), who estimated the 
antibody response precisely in absolute weight 
units. In another recent study, also in accord 
with our findings, the intra-abdominal injec- 
tion of 0.2 ml of rabbit blood into 6-day-old 
chick embryos, failed to suppress formation 
of natural heterohemagglutinins(17). Even 
tolerance conferred by living cells(7) may be 
a réflection of massive doses of antigen, in 
that surviving transplanted cells may con- 
tinue to liberate antigen and thus saturate the 
recipient. This situation would obtain only 
if the cells are introduced into young animals 
prior to the appearance of the faculty of im- 
munologic response. Moreover the animal’s 
immaturity appears to be a facilitating rather 
than an essential condition, in that immuno- 
logical capacity of the young is more easily 
overwhelmed than that of the mature animal. 
But even in the latter, massive antigen injec- 
tion plus the superimposition of irradiation 
injury induces immunologic unresponsiveness 
to protein antigens(11). With pneumococ- 
cal polysaccharide, which persists in tissues 
for long periods(18), the administration of 
5-50 pg to mice suffices to suppress antibody 


Ti 


formation as shown in Felton’s studies of “im- 
mune paralysis’(19). Indeed this author re- 
ports that there may be a quantitative rela- 
tionship between the amount of pneumococcal 
polysaccharide required to induce immunolo- 
gic paralysis and the specific immune state of 
the animal. Animals immunized when mature 
required a larger dose of antigen for the in- 
duction of immune paralysis. Finally, recent 
evidence indicates that even in “immune 
paralysis” antibody may be formed but is not 
detectable because of its interaction with an- 
tigen present in excess(20). 

In retrospect therefore, is it not possible 
that this entire range of phenomena charac- 
terized by adversely altered immunologic re- 
sponse, although induced by various pro- 
cedures, are not simply expressions of immune 
paralysis? Such an interpretation would em- 
phasize a quantitative paralyzing basis to 
immunologic unresponsiveness rather than a 
delicate qualitative alteration in the antigen- 
host relationship, as would follow from the 
theory of Burnet and Fenner. 


Summary. Rats exposed to sheep erythro- 
cytes before or at time of birth exhibit an un- 
diminished capacity for hemolysin production 
in response to a subsequent challenge with the 
same antigen given 9 to 10 weeks later. A 
possible explanation to account for the dis- 
parity between these results and those ob- 
tained by other investigators is offered. 
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The degradation of insulin-I*! by both a 
heat stable and a heat labile component of rat 
liver homogenate has been reported by Mir- 
sky et al.(1). Lehmann and Schlossmann(2) 
had previously observed that insulin could be 
inactivated by a dialyzable heat stable factor 
in rabbit muscle extracts. This factor was 
able to reduce the disulfide linkages of insulin, 
and the authors concluded that it was a sulf- 
hydryl compound such as glutathione (GSH) 
or cysteine. As liver has a relatively high 
content of GSH, it was of interest to find 
whether this compound - could produce 
changes in the trichloroacetic acid (TCA) 
solubility of insulin-I**4. The present studies 
on the degradation of insulin-I*** in the pres- 
ence of GSH were carried out in the hope of 
acquiring better understanding of the proc- 
esses that might be involved in the inactiva- 
tion of insulin by rat liver extracts. 

Materials and methods. Crystalline zinc 
insulin, highly purified amorphous insulin, 
and crystalline glucagon were gifts of Eli 
Lilly and Co. The crystalline insulin was 
iodinated by Abbott Laboratories, and gluca- 
gon was kindly iodinated by Dr. Alfred Staub. 
Crystalline bovine plasma albumin and _io- 
dinated human serum albumin were obtained 
from the Armour Laboratories. Reagent 
grade GSH was a product of the Fisher Sci- 


* This work was supported in part by grants from 
US.P.H.S., the Atomic Energy Commission, and 
Burroughs Wellcome and Co. 

+ Research Fellow, U.S.P.H.S. 


entific Co., and oxidized glutathione (GSSG) 
was purchased from the Nutritional Bio- 
chemicals Corp. p-Chloromercuribenzoic acid 
(PCMB) was obtained from the Bios Labs, 
Inc. Preparation of liver extracts. Livers 
of decapitated 3-month-old Sprague-Dawley 
rats were perfused im situ with ice cold iso- 
tonic saline. The livers were then homo- 
genized in 1.15% KCl with a glass homo- 
genizer. The homogenate was diluted to a 
10% tissue concentration and centrifuged for 
25 minutes at 110,000 x g. The resultant 
supernatant fraction was used. For certain 
experiments, an acetone powder was prepared 
from the supernatant fraction. Prior to the 
assay procedure each 50 mg of powder was 
extracted with 1 ml of cold distilled water 
and material which had not dissolved at the 
end of 1 hour was removed by centrifugation. 
An aliquot of supernatant fraction from rat 
liver was placed in a boiling water bath for 
10 minutes in order to prepare the heat stable 
factor. It was found in preliminary experi- 
ments that heating for 2 minutes was suf- 
ficient to produce maximum inactivation of 
the heat labile system which degraded _ in- 
sulin-I7°!, Measurement of insulin-I'*! degra- 
dation. 1 ml of liver extract or GSH solution 
that had been adjusted to pH 7.5 was prein- 
cubated for 5 minutes at 37°C in a 12 ml 
centrifuge tube. Then 1 ml of 0.067 M po- 
tassium phosphate buffer of pH 7.5, contain- 
ing a trace quantity (0.1-2 »g) of dialyzed in- 
sulin-I*1, 1 mg of bovine plasma albumin, 
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and varying amounts of amorphous insulin 
carrier, was added. Each ml of substrate con- 
tained approximately 0.5 uc of radioactivity. 
The albumin was included in order to help 
stabilize the radioactive insulin(3). In con- 
trol mixtures liver extract and GSH were 
omitted. All incubations were conducted in 
duplicate. At appropriate intervals, 1 ml of 
20% TCA was added to terminate the 
reaction. The extent of degradation of in- 
sulin-I'?! was measured as described previ- 
ously(4). Duplicate determinations gener- 
ally agreed within 5% of each other. It has 
been demonstrated that changes in the TCA 
solubility of insulin-I'*t in the presence of 
liver extract are correlated with the formation 
of non-protein nitrogen from insulin and bio- 
logical inactivation of the latter(4,5). Studies 
with sulfhydryl reagents. 1 ml of a 4% 
heated or unheated liver extract containing 
PCMB in a concentration of 6 x 10+ M (an 
amount just sufficient to abolish the nitroprus- 
side reaction for sulfhydryl groups) or GSSG 
in a concentration of 3 x 10° M was prein- 
cubated in a Dubnoff shaker for 30 minutes, 
shaking at a rate of 80 cycles per minute. 1 
ml of phosphate buffer containing a trace 
quantity of insulin-I’*! without carrier in- 
sulin was then added and incubation was con- 
tinued for another 15 minutes, at which time 
the reaction was stopped with TCA. Electro- 
phoretic studies. Four different incubation 
mixtures (A, B, C and D) were prepared in 
duplicate in 0.5 ml of 0.033 M phosphate 
buffer of pH 7.5 with the following compon- 
ents: (A) 20 pg (37 pc) of dialyzed insulin- 
51, (B) 20 ug of dialyzed insulin-I/*" plus 
0.25 mg of GSH (final concentration 1.6 x 
10° M), (C) 10 uc of carrier-free Nal", and 
(D) 10 we of Nal?*!, plus 0.25 mg of GSH. 
Incubation was carried out in stoppered test 
tubes at 37°C for 1 hour. The tubes were 
then chilled in ice, and 0.3 ml of a 2% hu- 
man plasma solution, 0.1 ml of 10% potas- 
sium iodide carrier solution, and 0.3 ml of 
20% TCA were added rapidly with mixing. 
The mixtures were centrifuged, and 10 pl of 
each TCA supernatant were applied at the 
origin (O) of a strip of. Whatman No. 1 filter 
paper moistened with 0.47 M_ potassium 
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TABLE I. Effect of GSH upon Insulin-I™ in 
Presence of Varying Amounts of Amorphous In- 
sulin Carrier. 


% TCA super- 


Amorphous Final GSH natant radioac- 
insulin, mg concentration, M tivity in 20 min. 

.02 Sx 108 9.5 

? 4 ” 8.8 

ipa hg 6.2 

if atx et 2.9 

2.0 Ziel Os 1.3 

2 - 4.6 

.02 id 6.0 

.00 ah 6.4 


phosphate buffer of pH 7.7. The electrophor- 
esis apparatus was that described by Grass- 
mann and Hannig(6); the strips were run si- 
multaneously in the cold room for 1 hour at 
a potential of 200 volts. The strips were 
then air-dried and counted with an end-win- 
dow Geiger-Mueller tube arranged for auto- 
matic scanning and recording. In a sepa- 
rate control experiment, 10 uc of carrier-free 
NalI?#! were incubated with 20 yg of unla- 
beled insulin with or without the addition of 
0.25 mg of GSH for 1 hour and then sub- 
jected to electrophoresis under conditions 
similar to those just described. 

Results. Effect of GSH upon insulin-I*?*. 
GSH was incubated in varying concentrations 
with a trace quantity of insulin-I‘** and dif- 
ferent amounts of amorphous insulin carrier. 
The results are shown in Table I. It is evi- 
dent that glutathione produced degradation 
of the labeled insulin and that the amount of 
degradation tended to increase as the GSH 
concentration was raised, especially at lower 
levels of GSH. The percentage degradation 
of insulin-["*! fell only slightly with the addi- 
tion of carrier insulin until relatively large 
amounts had been added. 

Tn contrast to the behavior of iodinated in- 
sulin, radio-iodinated human serum albumin 
and glucagon-I'*! showed no degradation 
when incubated with GSH in a concentration 
of 0.004 M for 30 minutes. This suggests 
that the effect of GSH upon insulin-I**! may 
not be one of direct deiodination of the intact 
protein molecule. 


¢ This instrument was kindly loaned by Dr. Donald 
J. Hanahan, 
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FIG. 1. Electrophoretic pattern of TCA soluble 
material resulting from action of GSH upon in- 
sulin-I"*", 


Electrophoretic studies were conducted to 
test this possibility further. The results are 
shown in Fig. 1. Duplicate experiments 
yielded similar patterns. It is seen that incu- 
bation of insulin-I'*! with GSH gave rise to 
a large amount of TCA soluble radioactivity, 
as shown in Strip B, which appeared as a 
band that migrated much more slowly than 
the iodide band of strip C. Strip D demon- 
strates that GSH itself does not produce such 
an alteration of the mobility of iodide. In a 
separate control experiment it was found that 
the presence of unlabeled crystalline zinc in- 
sulin, with or without the addition of GSH, 
similarly had no effect upon the migration of 
radioactive iodide. Therefore, the newly 
formed radioactive band near the origin 
probably represents an alteration of the in- 
sulin molecule rather than  deiodination. 
Thus, the changes in TCA solubility of in- 
sulin-I™*! produced by GSH may reflect re- 
duction of the disulfide linkages of insulin, 
but activation of a proteolytic contaminant of 
the insulin cannot be ruled out. 

Sulfhydryl nature of the heat stable and 
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heat labile factors of liver. Mirsky and 
Broh-Kahn(7) and de Barbieri and Grassi 
(8) have found that liver homogenate 
treated with sulfhydryl inhibitors is less capa- 
ble of inactivating insulin. It was of interest 
to see whether or not this inhibition extended 
to the heat stable component as well. PCMB 
and GSSG were chosen as reagents because 
both are among the more specific sulfhydryl 
inhibitors. The data of Table II show that 
PCMB in a concentration of 6 x 10+ M 
completely inhibited the activity of boiled 
and unboiled liver extract. GSSG in a con- 
centration of 3 x 10° was also able to inhibit 
the heat stable factor completely, but pro- 
duced incomplete inhibition of the unheated 
extract. This suggests that the heat stable 
factor and heat labile factor both contain 
sulfhydryl groups which are essential for their 
activity, but that the sulfhydryl groups of the 
latter are less reactive towards GSSG. In 
control experiments the possibility that 
PCMB might cause precipitation of degrada- 
tion products of insulin-I1*! was ruled out. 
As GSH could produce degradation of in- 
sulin-[?*1, it was considered likely that the 
presence of this compound in liver extracts 
could account for the activity of the heat 
stable factor. However, it was found that 
when rat liver acetone powder extract was 
dialyzed against phosphate buffer of pH 6.2 
for 48 hours and then heated in a boiling 
water bath for 10 minutes, it still retained 
considerable ability to degrade insulin-[*1 
(Table III). No GSH (TCA-soluble sulfhy- 
dryl material) could be detected in the dia- 
lyzed extract by the nitroprusside reaction 
under conditions which could detect GSH in 
a concentration of 5 x 10° M. Liver extract 
that had been precipitated and washed 3 


TABLE II. Effeet of Sulfhydryl Inhibitors upon 
Activity of Heat Stable and Heat Labile Factors 
of Liver. 


TCA supernatant 
radioactivity, Yo 


Liver supernatant 
cell fraction 


pinhtD or 


Unheated None 73 
PCMB 0 
GSSG 39 

Heated None 6.2 
PCMB 0 
GSSG 0 


TABLE III. Effect of Liver Acetone Powder Ex- 
tracts Containing No Detectable GSH. .03 mg of 
carrier insulin added. 


TCA super- 
Incubation, natant radio- 


Liver preparation min. activity, Yo 


Dialyzed, unheated 10 10 
20 17 
30 23 
60 35 

Diaiyzed, heated 30 3.4 
60 6.7 

TCA precipitated, heated 60 6.9 


times with 5% TCA and then heated in a 
boiling water bath for 10 minutes was also 
able to degrade insulin-I***. Thus, it is prob- 
able that protein-bound sulfhydryl groups 
contribute to the activity of the heat stable 
factor, but it is possible that some of these 
groups are less reactive in undenatured pro- 
teins. 

Moreover, it was noted that GSH enhanced 
the degradation of insulin-[’*! by liver ex- 
tracts, and that this was more than a purely 
additive effect. This phenomenon (Table 
IV) would be compatible with an activation 
of a proteolytic enzyme system of liver by 
GSH. It is also possible that reduction of the 
insulin molecule may denature it and render 
it a better substrate for proteolytic enzyme 
action. 

Reduction of the insulin molecule does not 
appear to be an absolute prerequisite for pro- 
teolytic degradation, however, because it was 
found ‘that liver acetone powder extract after 
dialysis for 48 hours was still able to produce 
significant degradation of insulin-[’*! (Table 
Ill). In this experiment 0.2 ml of dialyzed 
liver extract was incubated with insulin-I*** 
plus 0.03 mg of added carrier insulin. In an- 
other experiment, in which 0.3 ml of dialyzed 


TABLE IV. Effect of GSH upon Degradation of 
Insulin-U** by Liver Acetone Powder Extract. 
.03 mg of carrier insulin added. 


Tneubation 
time, min. 10 20 30 40 60 
Reaction mixture TCA supernatant radio- 
additions activity, Yo 
GSH erage) i315. 19 
Liver extract 10 19 25 29 39 


es iGSE, iG 30 43 53 69 


1 
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extract was incubated with insulin-[?** in the 
absence of amorphous insulin, 73% of the 
radioactivity became TCA soluble in 10 min- 
utes. Under conditions where insulin is com- 
pletely inactivated(9), GSH was found to 
produce at most about a 25% increase in 
TCA supernatant radioactivity. Racker(10) 
has found that crude liver extracts can cata- 
lyze the reduction of insulin. Since the sites 
of cleavage of the insulin molecule are not 
known, and since GSH can affect the activity 
of the proteolytic enzyme system of liver 
which acts on insulin, it is difficult to distin- 
guish the exact contributions of reductive and 
proteolytic processes when insulin-I"* is de- 
graded by crude liver homogenates or by puri- 
fied extracts in the presence of added GSH. 

Summary. 1. Glutathione degrades in- 
sulin-I**! and renders it more soluble in tri- 
chloroacetic acid. Evidence is presented that 
this is not the result of direct deiodination. 
2. Rat liver extracts, even after exposure to 
a boiling water bath, can degrade insulin-I**'. 
This heat stable activity could be explained 
by the presence of sulfhydryl compounds in 
liver. 3. Reductive as well as proteolytic 
processes must be considered when analyzing 
the degradation of insulin by crude liver ex- 
tracts. 


The authors are indebted to Miss Ruth Miller for 
valuable technical assistance. 
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Effect of Proteolytic Enzymes on Granuloma Formation. 


(22592) 
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Recent studies have demonstrated the po- 
tent anti-inflammatory anti-edema properties 
of proteolytic enzymes(1-3). These studies 
have utilized protection against edema forma- 
tion or erythema as a measure of the activity 
of the enzymes. Recently Ungar and Gins- 
burg reported a marked depression of granula- 
tion tissue surrounding surgically implanted 
gut in the livers of trypsin treated rats(4). 
Sherry and co-workers(5) also reported that 
they were able to prevent post-operative ad- 
hesions in dogs treated with plasminogen ac- 
tivators and attribute these results to activa- 
tion of the blood fibrinolytic system. The 
purpose of this report is to present data dem- 
onstrating the effectiveness of the proteolytic 
enzymes, trypsin and chymotrypsin, as agents 
capable of modifying the tissue response to a 
foreign body vz. implanted cotton pellets. 

Material and methods. Sprague-Dawley 
female rats weighing 95-110 g were used. 
The technic of Stucki and Meyer(6) was 
used for subcutaneous implantation of the 
weighed cotton pellets. The enzymes were 
subcutaneously administered as an aque- 
ous solution daily, beginning immediately 
after pellet implantation and continued for 
5 days. On the 6th day the animals 
were sacrificed, the pellets with the sur- 
rounding granulation tissue removed and 
dried at 105°C for 18 hours. The dried 
granuloma pellets were weighed, the pellet 
weight subtracted from the entire dry weight 
and the remainder recorded as granuloma 
weight. Control animals were injected with 
0.5 ml 10% gelatin solution. One series of 
animals was treated with heat inactivated 
trypsin. Pellet implantation sites which had 
become infected were discarded. This situa- 
tion occurred in several instances in the con- 
trol animals, but was not observed in the en- 
zyme treated rats. Korth and Bock(7) have 
similarly recorded a reduced incidence of in- 


* Present address: 
Bethesda, Md. 


National Institute of Health, 


TABLE I, 
No. Dose, Granuloma % inhi- 
animals Treatment mg wt, mg bition 
6 Controls 15.4 + ..93 ; = 
ig Trypsin 5 10.3; ==) 298 33 
i Controls 13.7 +1.80 
7 Chymotrypsin 2.5 6.8) z2 Se 51 
14 Controls 8.8+ .64 


14 Trypsin 


2.5 6.0 + .34 32 
14 Chymotrypsin 2.5 


6.0 + .42 30 


14 Controls 8.1 +1.30 
14 Trypsin 1 5.5 + .38 32 
14 Chymotrypsin 1 7.24 .42 10 
6 Controls 8.4+ .83 
6 Trypsin 5 9 Oo 


(Heat inactivated) 


Hypophysectomized animals 
10 Control 8.5 +1.31 
6 Trypsin 5.2 + .08 39 
6 Chymotrypsin pp WS (5/7 40 


2.5 
2.5 


fectivity in trypsin treated mice. The en- 
zymes used were 2 x crystallized trypsin and 
chymotrypsin prepared by the method of 
Kunitz et al.(12). 


Results. The data obtained are presented 
in Table I. The decrease in granuloma forma- 
tion was consistently obtained in each of the 
5 individual experiments. A quantitative ef- 
fect could not be significantly demonstrated 
over a 2-fold increase in dose of enzyme. 
When the dose is reduced to 1 mg it is noted 
that although trypsin was effective in reduc- 
ing the weight of the granuloma, chymotryp- 
sin was ineffective. This difference may be 
due to the relative proteolytic activity of the 
2 enzymes. Martin(8) has noted a correla- 
tion between effectiveness of the proteolytic 
enzyme as an inhibitor of egg white edema 
and proteolytic activity. Heat inactivated 
trypsin was ineffective in decreasing the size 
of granulomas. 


Discussion. The effect of the proteolytic 
enzymes, trypsin and chymotrypsin, upon the 
granuloma induced by subcutaneous im- 
plantation of cotton pellets is another mani- 
festation of the anti-inflammatory properties 
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of these substances. The mode of action is 
not clear but presumably may be dissociated 
from an activation of the plasma fibrinolytic 
system, inasmuch as chymotrypsin, which is 
active in reducing the granuloma reaction, is 
ineffective as an activator of the plasma fibrin- 
olysin system(9,10). Since the effect upon 
granuloma size occurs in hypophysectomized 
animals (Table I) this action cannot be 
ascribed to a stimulation of the pituitary- 
adrenal system with consequent hypersecre- 
tion of cortical steroids. This indicates that 
the enzymes probably exert their action 
either through their own proteolytic or de- 
polymerase properties, or by the activation 
of an anti-inflammatory mechanism distinct 
from the profibrinolysin-fibrinolysin system. 
Martin(11) has suggested that these enzymes 
may be adsorbed or concentrated at the site 
of fibrin deposits and may exert their anti- 
inflammatory properties by depolymerization 
or digestion of these fibrin deposits. 

During the course of these experiments it 
was also observed that the incision area of the 
trypsin and chymotrypsin treated animals 
healed with less granulation tissue than did 
the similar areas in the untreated control 
group. 

Summary. The parenteral administration 
of trypsin and chymotrypsin to animals car- 
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rying subcutaneous implants of cotton pel- 
lets, significantly reduces the size of the gran- 
ulomas formed around these pellets. Heat 
inactivated enzyme does not manifest this 
property. 
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Effect of Antimetabolites on Growth of Endamoeba histolytica. I. 


Pantetheine and Coenzyme A Antagonist.* 
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Department of Microbiology, Boston University School of Medicine, Boston, ‘Mass. 


The identity of a number of growth fac- 
tors for Endamoeba histolytica has recently 
been established by Nakamura and Baker 
(1,2). Purine and pyrimidine analogues were 
found to be potent inhibitors of the amebas 
by Nakamura and Jonsson(3). Aside from 
this report and that of Kun e¢ al.(4), who 
studied the effect of metabolic inhibitors on 


* This work was supported (in part) by the Re- 
search and Development Board, Office of The 
Surgeon General, Department of the Army, Con- 
tract No. DA-49-007-MD-711. 


carbon dioxide and hydrogen sulfide produc- 
tion by E. histolytica, no other information is 
available with regard to the effect of anti- 
metabolites on the amebas. ‘This situation 
arises from the fact that until recently very 
little was known regarding the specific nutri- 
tional requirements of this protozoan. Since 
coenzyme A has been identified as a growth 
factor for E. histolytica(2), it became desir- 
able to confirm this observation using a co- 
enzyme A antagonist. 


Boxer e¢ al.(5) reported that £-d-pantoyl- 
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aminoethanethiol (PAET) was an antagonist 
of the pantetheine-coenzyme A system i 
vitro. PAET inhibited the synthesis of co- 
enzyme A from pantetheine and also the ac- 
tivity of coenzyme A itself. Structurally 
PAET contains all the functional groups of 
pantetheine but in a different molecular 
spacing. 

The present studies have shown that the 
disulfide of PAET, bis (N-pantoyl-8-amino- 
ethyl) disulfide (PAED),+ is a potent inhibi- 
tor of E. histolytica. 

Materials and methods. All experiments 
were performed with the NRS strain of E. 
histolytica under bacteria-free conditions 
employing technics described earlier(1-3). 
Briefly, the basal assay medium consisted of 
egg slants overlaid with serum-Ringer solu- 
tion, dextrose, penicillin G, streptomycin, rice 
powder and sodium thioglycollate. The an- 
tagonist, PAED, was studied in the basal me- 
dium and also in the basal medium fortified 
with the growth factors adenosinetriphosphate 
(ATP) and_ ribose-5-phosphate (R-5-P). 
Calcium pantothenate and coenzyme A (coA) 
used for reversal studies were obtained from 
Nutritional Biochemicals Corp., Cleveland, 
Ohio, and pantetheine was obtained from the 
California Foundation for Biochemical Re- 
search, Los Angeles, Calif. 

Results. PAED inhibited E. histolytica 
under bacteria-free conditions in dilutions of 
1/1,000 to 1/50,000 (1 mg/ml to 0.02 
mg/ml). This inhibition, as shown in Table 
I, was completely reversed by pantetheine and 
partially reversed by coA. Calcium panto- 
thenate was inactive. PAED prevented 
growth of amebas even in media fortified with 
the growth factors ATP and R-5-P. In cul- 
tures of amebas containing associated bac- 
teria (stock cultures), PAED was totally in- 
active due perhaps to an adequate supply of 
pantetheine or coA being continuously pro- 
duced by the bacteria. 

Discussion. Since both pantetheine and 
coA have been reported as growth-stimula- 
tory substances for amebas(2), it is under- 


+ Obtained through the courtesy of Dr. Andrew N. 
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TABLE JI. Inhibition of Bacteria-Free Cultures 
of EL. histolytica by PAED and Reversal of Inhibi- 
tion by Pantetheine and coA, 


Avg count 
of amebas 
per low 
Total No. power field 
of deter- at end of 
Material assayed minations 3 days 
Basal (control) 40 1 
Basal + ATP + R-5-P 36 133 
Basal + calcium pantothenate 10 5 
(1 mg/ml) 
Basal + pantetheine(1mg/ml) 9 64. 
Basal + coA (1 mg/ml) ff 41 
Basal + PAED (.1 mg/ml) + 4 0 
ATP + R-5-P 
Basal + PAED(.02mg/ml)+ 4 0 
ATP + R-5-P 
Basal + PAED(.0l1mg/m])+ 4 11 
ATP + R-5-P 
Basal + PAED(.02mg/ml)+ 4 0 
ATP + R-5-P + calcium 
pantothenate (1 mg/ml) 
Basal + PAED(.02 mg/ml) + 6 101 


ATP + R-5-P + pantetheme 
(.1 mg/ml) 
Basal + PAED(.02 mg/ml) + 6 70 
ATP + R-5-P + coA 
(.5 mg/ml) 


Basal + PAED(.02mg/ml)+ 4 62 
pantetheine (.1 mg/ml) 

Basal + PAED(.02mg/ml)+ 4 37 
eoA (.5 mg/ml) 

Stock cultures (bacteria 70 » §1 
present) 

Stock cultures + PAED st 53 


(1 mg/ml) 


standable that PAED was a potent inhibitor 
of E. histolytica. The reversal of inhibition 
by pantetheine and coA suggests strongly that 
PAED is an antimetabolite and not a non- 
specific chemical toxic agent; however, these 
data do not allow us to determine whether 
this inhibition is competitive or non-competi- 
tive. Boxer e¢ al.(5) have suggested possible 
mechanisms of action of the antagonist: (1) 
the antagonist prevents synthesis of coA from 
pantetheine, and (2) that an analogue of coA, 
containing the PAED moiety instead of pan- 
tetheine, is enzymatically synthesized. In 
amebic metabolism it is probable that the 
antagonist functions by blocking conversion 
of pantothenic acid to pantetheine, although 
it is also possible that it acts by preventing 
the conversion of pantetheine to coA. AI- 
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though Boxer et al.(5) found some inhibi- 
tion of coA itself by PAET, we have found 
that supplementation of the media with coA 


~ allowed the amebas to overcome inhibition by 


PAED. This establishes the importance of 
coA in the nutrition of E. histolytica. 

Summary. 1. PAED, a pantetheine an- 
tagonist, inhibited bacteria-free cultures of 
E. histolytica. 2. Reversal of inhibition was 
possible with pantetheine and coenzyme A, 
but not with pantothenic acid. 3. The pos- 
sible mechanism of action of PAED is dis- 
cussed. 


The Cyclic Disulfide Ring of Oxytocin.* 
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(22594) 


(Introduced by V. du Vigneaud. ) 


Department of Biochemistry, Cornell University Medical College, New York City. 


The structure of oxytocin, the principal 
oxytocic hormone of the posterior pituitary 
gland, has been established through its syn- 
thesis(1,2) as the cyclic disulfide of 1-cys- 
teinyl - L-tyrosyl - L-isoleucyl - L-glutaminyl- 
L-asparaginyl - L-cysteinyl - x-prolyl - t-leu- 
cylglycinamide, which is represented by I. On 
the basis of structural studies, it has been 


CyS-Tyr-Tleu-Glu(N H,)-Asp(NH,)-CyS8-Pro- 
Leu-Gly (NH.) 
ne 


proposed that the antidiuretic hormone from 
oxen is structurally similar to oxytocin(3,4), 
with L-phenylalanine and L-arginine in vaso- 
pressin replacing the t-isoleucine and t-leu- 
cine, respectively, of oxytocin. An octapep- 
tide amide synthesized according to this struc- 
ture has been found qualitatively to have the 
expected biological activity(5). Moreover, 
vasopressin isolated from the hog has been 
found to differ in composition from beef vaso- 
pressin by the substitution of lysine for ar- 
ginine(6). It has been suggested that both 
these vasopressins are otherwise structurally 


* This work was supported in part by a grant from 
the National Heart Institute, Public Health Service, 
Grant H-1675. 


identical(3), and this has received strong sup- 
port from the results of recent studies on the 
synthesis of lysine vasopressin(7). 

Although some of the more well established 
physiological activities of oxytocin, namely, 
the oxytocic, milk-ejecting, and avian vasode- 
pressor effects, are strikingly different from 
the pressor and antidiuretic activities of vaso- 
pressin, it may be noted that qualitatively 
these hormones possess several biological ac- 
tivities in common. Thus the vasopressins also 
have some oxytocic, avian vasodepressor (8,9) 
and milk-ejecting activity(9-11), and oxy- 
tocin also possesses low but definite degrees of 
pressor and antidiuretic activity(12), in addi- 
tion to the other physiological activities of 
each of these hormones. 

A striking structural feature of both of 
these hormones is a 20-membered cystine-con- 
taining peptide ring. It is of interest that in 
the structure of insulin as postulated by San- 
ger and his associates, an intrachain disulfide 
ring of the same size as that which occurs in 
oxytocin and vasopressin has also been pro- 
posed(13). 

One interesting speculation resulting from 
these observations is that the ring structure 
itself of the posterior pituitary hormones 
might possess intrinsic biological activity. Ac- 
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tivity inherent in the ring might then account 
for the presence of many of the same physio- 
logical activities in oxytocin and vasopressin. 
In this connection and as part of a general 
study in this laboratory of the relationship of 
structure to the biological activity of the 
posterior pituitary hormones, the synthesis of 
the compound, the cyclic disulfide of L-cys- 
teinyl - L-tyrosyl - L-isoleucyl - t-glutaminyl- 
L-asparaginyl - L-cysteinamide, represented 
by II, was undertaken. 


| 
CyS-Tyr-Ileu-Glu(NH.)-Asp(NH.)-CyS(NH.) 
II 


This compound represents the ring moiety 
of oxytocin, where the prolylleucylglycinamide 
side chain linked to the cyclic portion of oxy- 
tocin has been replaced simply by an amide 
grouping. The C-terminal residue of the re- 
sulting peptide is therefore a _half-cystine 
amide residue which forms part of the 20- 
membered ring, being linked through its amino 
group to the carboxyl group of the asparagine 
residue and through its sulfur to the other 
half-cystine residue which bears the free 
amino group. 

Of the several routes possible for preparing 
this compound the one described was chosen 
because of its similarity to the route used 
originally in the synthesis of oxytocin(1,2). 
By the use of a parallel approach, it has been 
possible to take advantage of the fact that 
several intermediates common to both these 
compounds could be used. Thus the tripep- 
tide and dipeptide derivatives, tosyl-1-isoleu- 
cyl - i-glutaminyl - L-asparagine(14) and 
carbobenzoxy-S-benzyl - L-cysteinyl - L-tyro- 
sine(15), respectively, which had been used 
previously in the synthetic oxytocin work also 
served as intermediates in the synthesis of the 
cyclic disulfide II. However, for the tetra- 
peptide amide S-benzyl - L-cysteinyl - L-pro- 
lyl - t-leucylglycinamide(16) used in the for- 
mer synthesis, the amino acid derivative S- 
benzyl - L-cysteinamide has now been substi- 
tuted. The yields in this synthesis, however, 
were somewhat lower. 


Experimental.t S-benzyl - 1t-cysteinamide 
was prepared by the amination of ethyl S- 


Cyctic Morety oF OxyTOCIN 


benzyl-L-cysteinate? in methanolic ammonia. 
A suspension of 7.9 g of ethyl S-benzyl-r- 
cysteinate hydrochloride in 50 cc of ethyl 
acetate was treated with 7.9 cc of triethyl- 
amine for 30 minutes. It was then filtered 
and concentrated and the residue was dis- 
solved in 135 cc of anhydrous methanol 
saturated with ammonia. After 3 days the 
solvent and NHs were removed and the resi- 
due was crystallized from ethyl acetate, 5.5 g 
(92%); mp. 78.5-79.5°. A sample of the 
free base was recrystallized from toluene; 
m.p. 80°, [a]p*?> + 5.65° (c 3, acetic acid). 


Anal. Calcd. for Ci9Hi4ON2S: S5 15538 N, 
13.3. Found: S, 15.2; N, 13.3. 


The S-benzyl - L-cysteinamide (0.56 g) was 
coupled with tosyl-t-isoleucyl - t-glutaminyl- 
L-asparagine(1.0 g) at 95° for 1 hour in 10 
cc of diethyl phosphite by the use of 1.4 cc 
of tetraethyl pyrophosphite(17). The pro- 
tected tetrapeptide tosyl-1-isoleucyl-r-gluta- 
minyl - L-asparaginyl-S-benzyl - 1-cystein- 
amide was precipitated with water and washed 
with warm methanol; wt. 1.0 g, m.p. 249- 
250°. After several crystallizations from 
acetic acid or diethyl phosphite a sample 
melted at 273-274°. 


Anal. Calcd. for Cz2Hy;0sN7Se: C, 53.4; 
H, 6.3; 8, 8.9. Found: C, 53.7>> Homes: 
8.8. Removal of the S-benzyl and N-tosyl 
protecting groups and rebenzylation was ef- 
fected in 70% yield by treatment of 100 mg 
of the protected tetrapeptide with sodium in 
liquid ammonia followed by 0.05 cc of benzyl 
chloride in 0.5 cc of toluene(18,19). The 
isoleucyl-glutaminyl-asparaginyl - S - benzyl- 
cysteinamide+? obtained was purified by coun- 
tercurrent distribution(20) in the system 2- 
butanol-0.01 14 NH; in which the partition 
coefficient was approximately 1.0. A suspen- 


+ The reported melting points are corrected, capil- 
lary melting points. 

¢ This compound was prepared according to Har- 
ington, C. R., and Pitt Rivers, R. V.(15). It melted 
at 161-162°; reported, 156-157°. 

tt When the tetrapeptide was used without purifi- 
cation, several byproducts were isolated along with 
the final product. Studies on these products will be 
reported separately. 
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sion of 100 mg of this tetrapeptide in 0.5 cc 
of diethyl phosphite containing 0.1 cc of tet- 
_raethyl pyrophosphite was allowed to react 
with 135 mg of N-carbobenzoxy S-benzyl-1- 
cysteinyl - L-tyrosine at 85° for one-half 
hour. The resulting protected. hexapeptide 
N-carbobenzoxy-S-benzyl - t-cysteinyl - t- 
tyrosyl - L-isoleucyl - r-glutaminyl - L-aspara- 
ginyl-S-benzyl-t-cysteinamide, which was also 
prepared by the use of the coupling agent N, 
N’-dicyclohexylcarbodiimide(21), was washed 
with warm methanol; wt. 93 mg. When it 
was reprecipitated from formamide it melted 
at 249-250°. This was treated with sodium 
in liquid ammonia to remove the protecting 
groups(18) and after evaporation of the am- 
monia the sulfhydryl product was aerated in 
aqueous solution at pH 6.5(1,2), after which 
_ the solution was adjusted to pH 3.5, concen- 
trated under reduced pressure and finally 
dried by lyophilization. The material was 
isolated by the use of countercurrent distribu- 
tion in the system 0.05% acetic acid-2-bu- 
tanol. The distribution of material was deter- 
mined by following the absorption. in the 
ultraviolet at 275 my» and the distribution of 
weight. The contents of a peak having the 
partition coefficient K = 0.19 were concen- 
trated and lyophilized and yielded a white 
powder, [a]p?? — 20.5° (c 0.51, water). 


For analysis the compound was dried at 
100°C im vacuo and showed a loss in weight 
of 3.9%. The analytical values are calcu- 
lated on the basis of the dried sample and are 
corrected for 1.0% ash. 

Anal. Calcd. for C39HsasOgNoSe : CoH4O, F 
45.1 SEES Oi Nn 15.8. Found: C, 47.8; 
H, 6.5; N, 16.0. When the material was hy- 
drolyzed in acid and analyzed on the starch 
column according to the quantitative pro- 
cedure of Moore and Stein(22), it showed 
the expected amino acid composition in the 
following ratio: isoleucine 1.0, tyrosine 0.8, 
glutamic acid 1.0, aspartic acid 1.1, cystine 
1.0, ammonia 3.6. «Like oxytocin, this poly- 
peptide underwent cleavage into two peptides 
on treatment with bromine water(2). 


Results. The purified peptide was assayed 
for the principal physiological activities nor- 
mally associated with oxytocin, namely, the 
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oxytocic, milk-ejecting, and avian vasodepres- 
sor activities, the latter being the effect on the 
blood pressure of the fowl. The USP Stand- 
ard posterior lobe powder served as the refer- 
ence in each of these determinations. The 
cyclic peptide was found to have a low but 
definite degree of oxytocic activity. When 
measured on the isolated rat uterus according 
to the method of Burn(232>), it assayed 
approximately 3.3 U/mg. It was _ there- 
fore roughly 1/150 as active as oxytocin and 
approximately 1/10 as active as beef vaso- 
pressin in this respect. The cyclic peptide 
was also found to be active in effecting the let- 
down of milk,’ the potency being approxi- 
mately 1.1 U/mg. These activities, while 
low, are considered real because of the great 
sensitivity of the assay methods. The sensi- 
tivity of the uterus method is approximately 
2 mU, and in the assay for milk-ejecting ac- 
tivity, 0.5 mU can be detected(12). The 
material was also assayed for strepogenin ac- 
tivity by the method used previously for re- 
lated peptides(24) and had a potency of 55 
U/mg.l 

The most striking aspect of the pharma- 


‘cology of the cyclic peptide was concerned 


with the avian vasodepressor effect. The de- 
pressor effect of oxytocin on the blood pres- 
sure of the chicken has been associated with 
its oxytocic activity(25) and in pure oxytocin 
the former activity is present to the same de- 
gree as the oxytocic activity. The official 
assay for the hormone adopted by the United 
States Pharmacopeia(26) is in fact based 
on the avian blood pressure depressor method. 
Assay of the cyclic peptide, however, for this 
effect on blood pressure by the method of 
Coon(27) using the anesthetized chicken 
showed that, although the compound pos- 


§ The assays for milk-ejecting activity were kindly 
performed by Dr. H. B. van Dyke, Mr. S. L. Engel, 
and Dr. K. Adamsons, Jr. of the College of Physicians 
and Surgeons, Columbia University, to whom appre- 
ciation is expressed. The assay procedure involved 
measurements of the pressure within the lactating 
mammary gland of the rabbit. 

|| Strepogenin activity was determined through the 
kindness of Dr. D. W. Woolley and Dr. R. B. Merri- 
field of the Rockefeller Institute for Medical Re- 
search. 
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sessed significant oxytocic and milk-ejecting 
activities, the avian depressor effect was ab- 
sent within the limits of the assay method. 
Any avian depressor activity, if present, would 
therefore be less than approximately 0.03 
U/mg. The small pressor effect which oxy- 
tocin has been found to possess(12) was also 
not detectable in the cyclic peptide. 


Considerable interest arises from a com- 
parison of the ratio of the potencies of the 
biological effects of the peptide with that ra- 
tio in oxytocin. ‘Thus, while the oxytocic, 
milk-ejecting, and avian depressor activities 
of the hormone are equipotent in terms of the 
standard, the corresponding ratio of these 
activities in the cyclic peptide is approxi- 
mately 3:1:<0.03. There is, therefore, 3 
times as much oxytocic as milk-ejecting ac- 
tivity per unit of weight of the peptide. Sim- 
plification of the structure of oxytocin has 
thus resulted in a markedly disproportionate 
change in the potencies relative to each other 
of the several physiological activities of the 
hormone. It is conceivable that this type of 
change may be a general consequence of 
structural alteration when dealing with com- 
pounds that exhibit multiple physiological ac- 
tivities. 

The virtual absence of avian depressor ac- 
tivity in the cyclic peptide and the difference 
in the relative oxytocic and milk-ejecting ac- 
tivities afford a pharmacological differentia- 
tion of it from the hormone. The compound 
has been differentiated from oxytocin in an- 
other way, i.e., by means of a comparison of 
the degree of potentiation of the oxytocic ef- 
fect brought about by the presence of mag- 
nesium ion. This im vitro effect of mag- 
nesium has been described by Fraser(28) in 
experiments in which the oxytocic activity 
of various preparations of oxytocin and vaso- 
pressin of low potency as well as of mixtures 
of these was determined using the guinea pig 
uterus in a medium containing graded 
amounts of magnesium. The cyclic peptide 
was assayed directly against a solution of 
pure synthetic oxytocin diluted to approxi- 
mately the same potency in modified Locke 
solution(23>) using the rat uterus. A simi- 
lar assay was performed in Tyrode solution 


(29), which contained 10 mg% MgCls. The 
oxytocic activity of the cyclic peptide was in- 
creased approximately 10 times in this con- 
centration of magnesium ion, while the syn- 
thetic oxytocin underwent approximately 63 
fold potentiation. 


It could be suspected that the relatively 
low degree of biological activity in this pep- 
tide may not be a property of the compound 
itself, but may be due possibly to the presence 
of a small amount of oxytocin picked up as a 
contaminant in the laboratory. However, the 
absence of avian depressor activity in the 
cyclic pentapeptide, the differences between 
oxytocin and the cyclic peptide with respect 
to the ratio of the oxytocic/milk-ejecting po- 
tencies and the degree of potentiation of the 
oxytocic effect by magnesium ion, as well as 
the fact that the final product was extensively 
purified, make this possibility extremely un- 
likely. 

The results of the bioassays of the peptide 
allow certain deductions with respect to some 
of the structural requirements for biological 
activity in oxytocin and closely related com- 
pounds. The significant degree of activity 
possessed by the peptide that represents the 
cyclic moiety of oxytocin makes it clear that 
the entire molecule of oxytocin is not neces- 
sary for the existence of milk-ejecting and 
oxytocic activity. The fact that the activity 
of the cyclic peptide is of a relatively low or- 
der of magnitude could suggest that the mini- 
mum requirements for milk-ejecting and oxy- 
tocic activities in oxytocin might possibly be 
defined by the cyclic part of the oxytocin 
molecule. The tripeptide side chain of oxy- 
tocin or portions of the side chain would then 
serve to enhance these biological activities. 
For significant avian depressor activity to be 
present in these peptides, however, there 
would appear to be different, perhaps more 
extensive structural requirements. It may be 
added in this connection that several other 
peptides closely related in structure to oxy- 
tocin have been tested and have been found 
not to have significant activity. Thus, the 
linear peptide the disulfide of L-isoleucyl-r- 
glutaminyl - L-asparaginyl - L-cysteinyl - L- 
prolyl - t-leucylglycinamide(24) which rep- 
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resents an even larger, although partly dif- 
ferent, portion of the sequence of the amino 
acids of oxytocin than does the cyclic peptide 
has been found to possess negligible oxytocic, 
milk-ejecting,’ and avian depressor activity. 
Preliminary testing of an aqueous solution of 
the disulfide of t-isoleucyl - 1-glutaminyl- 
L-asparaginyl - L-cysteinamide obtained by 
the treatment of the corresponding tosyl S- 
benzyl peptide with sodium in liquid ammonia 
followed by aeration without further purifica- 
tion showed that this compound also seems 
to have negligible oxytocic and avian depres- 
sor activity. 

Comparison of the highly active oxytocin, 
the weakly active cyclic pentapeptide, and the 
inactive heptapeptide and tetrapeptide disul- 
fides with respect to their potencies of oxy- 
tocic, milk-ejecting, and avian depressor ac- 
tivity show clearly that a considerable degree 
of biological specificity is involved here. 
However, inasmuch as oxytocin and the two 
vasopressins do share these activities to vary- 
ing degrees and inasmuch as the cyclic pep- 
tide possesses two of them, it is apparent that 
certain structural changes are allowable. It 
would seem that perhaps within a necessary 
framework of the molecule, a minimum re- 
quirement of which may be the cyclic part, 
some change, such as the substitution of cer- 
tain of the amino acids by others, may be 
tolerated without complete destruction of 
these three biological activities of oxytocin. 

It is of interest that there appears to be a 
completely different type of structural speci- 
ficity involved in the biological effect associ- 
ated with strepogenin activity. Thus, the 
otherwise inactive heptapeptide disulfide was 
found to be almost as active as oxytocin itself 
in stimulating the growth of L. casei(24). On 
the other hand the cyclic pentapeptide which 
does have significant oxytocic and milk-eject- 
ing activities also has considerable strepo- 
genin activity, and this activity is less than 
the strepogenin activity of the heptapeptide 
disulfide. It has been indicated that chain 
length of the peptide may be of some impor- 
tance in determining the strepogenin activity 
for L. casei(30), and the strepogenin activity 
of the cyclic peptide would not be inconsistent 
with such a viewpoint. 
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Summary. A cyclic pentapeptide amide, 
the disulfide of t-cysteinyl - L-tyrosyl - L- 
isoleucyl - t-glutaminyl - L-asparaginyl - L- 
cysteinamide, which represents the cyclic moi- 
ety of oxytocin has been prepared synthetic- 
ally and some of its physical and chemical 
properties are given. This compound has 
been found to have low but significant oxy- 
tocic (3.3 U/mg) and milk-ejecting (1.1 U/ 
mg) activity but no detectable avian depres- 
sor activity. Moreover, this simplification of 
the oxytocin molecule appears to have re- 
sulted in a change in the ratio of the potencies 
of oxytocic, milk-ejecting, and avian depres- 
sor effects, the ratio being 3:1:<0.03 for the 
cyclic pentapeptide amide compared to 1:1:1 
for oxytocin. Some of the possible structural 
requirements for biological activity in oxy- 
tocin have been discussed in the light of these 
results. 

The author wishes to thank Mr. Joseph Albert for 
carrying out the microanalyses, Dr. Paula Zimmer- 
ing for the starch chromatography, Miss Lorraine 
Silverman for her assistance, and Mrs. Sylvia Kirsi- 
magi White for the oxytocic and ‘blood pressure assays 
reported herein. 
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Eight Culture Strains (Detroit) of Human Epithelial-Like Cells.*t (22595) 


LAWRENCE BERMAN AND CyRIL S. STULBERG. 


(Introduced by Harry Eagle.) 


Department of Pathology, Wayne University College of Medicine, and The Child Research Center 
of Michigan, Detroit. 


Various investigators have reported the de- 
velopment of stable strains of human cells 
capable of growing on glass surfaces in rela- 
tively simple fluid media(1-8). Some strains 
have been derived from tumor tissue and 
others from presumably normal tissue. Most 
have been described as ‘‘epithelial” although 
there are also human fibroblast-like strains in 
existence. Virologists have given a great deal 
of attention to one of these human cell strains, 


* This investigation was supported in part by each 
of the following: research grants (C-2149) and 
(E859) from the National Institutes of Health, De- 
partment of Health, Education and Welfare; the Re- 
ceiving Hospital Research Corp., Detroit; and by 
institutional grants from the American Cancer So- 
ciety. 

+ Presented in part at Annual Meeting of Tissue 
Culture Assn., Milwaukee, Wis., April, 1956. 


the HeLa strain(1), and wide use of this 
strain has stimulated the development of 
other human cell strains which might have 
additional or different useful properties. 

A total of 8 epithelial-like strains have now 
been isolated in these laboratories(9,10). The 
present report is concerned with histories of 
the cell strains, procedures used for their iso- 
lation and maintenance, and preliminary ob- 
servations on their morphology and growth 
behavior. 

Histories of the cell strains. Five strains 
(Detroit-6, -32, -34, -52 and -98) were de- 
rived from cultures of sternal bone marrow. 
Two (Detroit-30A and -56A) were cultured 
from carcinomatous ascitic fluids and one 
(Detroit-116P) was obtained from lympho- 
matous pleural fluid. Table I lists the origin 
of each cell strain, pertinent data on the 
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TABLE I. Histories of Detroit Strains of Epithelial-Like Cells. 
Biopsy material Appearance 
Diagnosis of containing of plaques Life of 
Cell strain Tissue source patient’s disease malignant cells (days)  strain(mo)* 
Detroit- 6 Sternalmarrow Carcinoma of lung Mass in lung 51 19 
12 f iv Carcinomatosis, primary Pleural fluid 65 13 
site undetermined 
”»  - 34 a a Metastatic carcinoma of bone Tumor of femur 51 13 
» - 230A Aseitie fluid Carcinoma of breast Mass in breast, 24 16 
ascitic fluid 
= 56A 4 a Carcinomatosis, primary site Ascitie fluid 55 10 
undetermined 
*  116RP Pleural,” “7 Lymphosarcoma Pleural ” 21 8 
aE LY Sternalmarrow Diabetes Mellitust None 57 10 
ie = 08 es o Refractive errort a 53 7 


*To June 1, 1956. 


human donor, the age of the primary culture 
when epithelial-like cells were first detected, 
and the subsequent interval (to the present 
time) during which each strain has been main- 
tained. 


Methods of isolation and maintenance. 
Heparinized aspirated marrow specimens were 
centrifuged at 4-10°C for 15 minutes at 40 g. 
The supernatant plasma containing suspended 
marrow cells:-was diluted with nutrient solu- 
tion so that the final mixture contained 125.,- 
000 or more cells per ml. Eight ml were 
placed into each of a series of 3-ounce pre- 
scription bottles.+ The size of the cell in- 
oculum did not appear to be a critical factor 
between the ranges of 125,000 and 250,000 
cells per ml. 


Ascitic and pleural fluids were diluted 1:1 
in nutritive medium and cultured in 8 ml 
aliquots without further manipulation. Vary- 
ing admixture with erythrocytes did not ap- 
pear to have any deleterious effects. In all 
instances the bottles were incubated on their 
flat sides at 36°C. 


The nutrient medium used originally was 
composed of 40% human cord serum, 2% 
chicken embryo extract, and 58% Hanks’ 
balanced salt solution with phenol red in a 
final concentration of 0.002% as a pH indi- 
cator (CS49BSS;,sEE2). The nutrient me- 
dium in primary cultures was replaced when 
the pH fell below a range of 6.8 to 7.0. Daily 


+ Owens Oval 3-oz prescription bottles of Duraglas, 
obtained from McKesson & Robbins, Inc., Detroit. 


t+ No malignancies detected. 


observations were made through the flat sides 
of the bottles with an ordinary light micro- 
scope at 60X or 100X magnification. At in- 
tervals, the supernatant fluid containing un- 
attached cells was removed, then centrifuged 
for 10 minutes at 750 g. Smears of the cell 
sediments were stained with May-Griinwald- 
Giemsa for morphologic study. The appear- 
ances of such cells in primary marrow cul- 
tures have been described in detail(2). 
Observations on primary cultures. The 
marrow cultures from which epithelial-like 
cells were isolated passed through 3 phases. 
The first phase was characterized by the pres- 
ence of specific myeloid cells among which 
mitotic figures were present. These cells 
gradually declined in number. The second 
phase was that of the appearance of monocy- 
toid cells, reticulum cells and macrophages 
which could be recognized in the culture bot- 
tles as large discrete round cells firmly at- 
tached to glass. This was followed by the 
third phase in which spindle-shaped fibro- 
blast-like cells became visible. These phases 
usually overlapped one another and were vari- 
able in time of onset and duration but the se- 
quence of phases was consistent. The car- 
cinomatous ascitic fluids and lymphomatous 
pleural fluid differed from the marrows in that 
the fibroblast-like cells appeared within a few 
days together with the large round cells of 
monocytoid and macrophage types. 
Development of epithelial-like cells. In 
each instance, the epithelial-like cells were 
first recognized as isolated plaques or colonies 


732 HuMAN EPITHELIAL-LIKE STRAINS (DETROIT) 


Ve G 3 My “i Ls y, ‘ay ‘Wy, jp. tin yj i Ly, 
PLATE I. All fields from Bouin-fixed hematoxylin-stained coverslip preparations. Magnifiea- 
tions are 180 < except the fiéld in the lower right hand corner, which is 450. Top row Cleft to 


right): 1. Detroit-6. 2. Polyploid cell in Detroit-6 culture. 3. Detroit-30A. 4. Polyploid 
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eell in Detroit-30A culture. 
troit-32 culture. 


right): 1. Detroit-52. 2. Detroit-56A. 


Detroit-98 culture. 


of polygonal cells sometime after the appear- 
ance of a fibroblastic phase of growth. Fol- 
lowing the development of the isolated 
plaques, cords and groups of polvgonal cells 
extended from them to form confluent sheets 
on the glass surface. In several instances, the 
plaques or portions of the sheets of cells of 
the primary cultures were removed mechani- 
cally for preparing subcultures that continued 
to grow as sheets of polygonal cells. Subse- 
quently, it was found that frequent subcul- 
ture after freeing attached cells by trypsin 
solution resulted in survival of polygonal cells 
from mixed populations of such cells and 
spindle-shaped elements. Onc= the evithelial- 
like polygonal cells were established in sub- 
cultures, there were no reversions to a fibro- 
blast-like form. 

Subculture and maintenance of the epi- 
thelial-like strains. Originally the cell strains 
were subcultured and maintained in CSy4o- 
EEsBSS;s. In this medium, however, the 
cultures occasionally were observed to go 
through irregular periods of poor growth. 
Following the reports of Eagle(11), all strains 
have been maintained in Basal Medium 
(Eagle)! plus 20% human cord serum 
(BMEgoCS29), streptomycin 50 pg/ml and 
penicillin 50 units/ml. Subculturing is ac- 
complished by replacement of the medium 
with 5 ml of 0.25% trypsin solution (Difco 
1:250) in BME for 10 minutes at 37°C. The 
trypsin-treated cell suspensions are centri- 
fuged, resuspended in BMExgoCS2o prepared 
with Hanks’ balanced salt solution rather 
than Earle’s as recommended by Eagle(11). 
The latter modification was introduced in or- 
der to maintain the medium at a pH of 7.2 
to 7.4 rather than 7.8 to 8.0. This minimizes 
clumping of cells and results in improved at- 
tachment of cells to the surfaces of the cul- 
ture bottles. Approximately 50,000 cells/ml 


{| Obtained as separate stock concentrates of amino 
acids, vitamins and glutamine from Microbiological 
Associates, Inc., Bethesda, Md. 


Second row (left to right): 1. Detroit-32. 2. 
3. Detroit-34. 4. Polyploid cells in Detroit-34 culture. 
3. Polyploid cell in Detroit-56A culture. 
98. Bottom row (left to right): 1. Polyploid cell in Detroit-98 culture. 2. 
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Polyploid cell in De- 

Third row (left to 
4, Detroit- 
Polyploid cells in 


3. Detroit-116P. 4. Multipolar mitosis in Detroit-116P culture. 


are placed in the 3-oz prescription bottles in 
aliquots of 8 ml and incubated at 36°C. Sub- 
sequent feedings between transfers or sub- 
cultures are made with BMEgoCSx2o prepared 
with Earle’s solution. Within 24 hours, sheets 
of cells are evident. After 3 days confluent 
sheets cover the flat surfaces of the bottles 
and after 4 to 5 days, with only one interven- 
ing feeding, all the strains yield averages of 
400,000 to 500,000 cells/ml. 

Preliminary observations on differences and 
similarities of strains. Plate I illustrates 
stained cells from sheets of tissue grown on 
coverslips inserted into Beckman beakers(1) 
or Leighton tubes.|| All of the 8 strains grow 
in the fashion of epithelium, especially as 
squamous epithelium in the sense these terms 
are used in the tissue culture literature(12, 
13). Furthermore, the 8 Detroit strains can- 
not be distinguished from each other on the 
basis of examination of individual cells by or- 
dinary methods of microscopy applied to liv- 
ing or fixed stained preparations. Each of 
the strains exhibits features found in malig- 
nant tissues, namely, anisocytosis, giant nu- 
cleoli, polyploidy, abnormal mitoses, and rapid 
erowth even though some of them were de- 
rived from tissues of patients free of malig- 
nant diseases. On the other hand, there are 
subtle differences among the various strains. 
These are evident in the topographic appear- 
ances of the sheets of cells that form during 
proliferation. In Plate II are photomicro- 
graphs made from living cultures in the pre- 
scription bottles after 3 days of growth in 
BME poCSio. At this stage of growth Detroit- 
98 and -116P are similar; they appear as con- 
fluent monocellular layers. After the same 
period of incubation, Detroit-52 grows as 
clumps of rounded cells. Continuous epithel- 
ial-like sheets do not appear until the fourth 
or fifth day of growth. The other cell strains 
cannot be distinguished by their topographic 


|| Obtained from Microbiological Associates, Inc, 
Bethesda, Md. 
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PLATE IT. Appearances of 


2 Sie eS. 
unstained living cultures as seen through 
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the flat surfaces of pre- 


scription bottles after 3 days of growth. (75 x.) 


appearances under these conditions (10% 
serum). If the serum content of the medium 


is increased to 20%, all strains form conflu-_ 


ent monocellular layers earlier. 

Discussion. It is emphasized that the des- 
ignation of the 8 Detroit strains discussed 
herein as epithelial-like does not imply that 
they are necessarily true epithelial cells, nor 
do cytologic phenomena of the types seen in 
malignant tissues imply that such morpholo- 
gic features, by themselves, indicate that the 
cells are cancerous. The cells reported here 
have growth characteristics that are similar 
to those of cells derived from epithelial tis- 
sues. In the absence of any signs of mor- 
phologic differentiation toward the formation 
of tubules or adenomatous structures these 
cells must be regarded as examples of “indif- 
ferent epithelial-like cells” mentioned by 
Parker(14). The 8 Detroit strains reported 
here have derived from tissues free of epi- 
thelium as well as from sources known to 
contain malignant epithelial cells. In each 


instance, however, the primary material con- 
tained a mixture of cells including derivatives 
of the histiocytic or reticuloendothelial sys- 
tem and the vascular system as well as hemic 
elements. Although various cell strains de- 
veloped by others have been referred to as 
lung cancer cells, skin cells, cervical cancer 
cells, bone marrow cells, etc., there exists the 
possibility that the various strains may have 
developed from a source common to the dif- 
ferent tissues used, for example, vascular en- 
dothelial cells or histiocytes. Distinctions be- 
tween morphologically similar strains of cells 
must be based on more precise morphologic 
technics and biological activities than have 
usually been used. An attempt to make use 
of comparative virological susceptibilities as 
a means of distinguishing between the various 
epithelial-like strains will be reported in an- 
other communication. It is now apparent 
that the development of strains of human 
epithelial-like cells from bone marrow, ascitic 
and pleural fluids, can be accomplished by 
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fairly simple methods but the explanation of 
how and why such cells appear in cultures is 
more difficult. For example, it was stated by 
Parker et al.(15) that they had observed nu- 
merous instances of the development of strains 
of unidentified cells that multiplied with great 
rapidity to yield uniform populations of free- 
living cells. It was implied that such cells 
were altered in some way during cultivation 
in vitro. ‘The idea.is similar to that expressed 
in discussions of cell modulation(16,17). The 
environmental conditions that account for the 
appearances of altered cells or modulation 
forms are not completely understood. It has 
been demonstrated by numerous investigators 
that morphologic and growth characteristics 
of cells can be modified greatly by deficiencies 
of essential nutrients. Eagle(11) has recently 
demonstrated the structural changes resulting 
from some amino acid, vitamin and salt de- 
ficiencies. Morphologic studies have empha- 
sized the need for such information. Leigh- 
ton ef al.(6) have described the transforma- 
tion of normal human fibroblasts into cells 
that appeared malignant by histologic criteria. 
It is questionable whether histologic features 
alone are adequate for determining the malig- 
nant potentialities of cells. Some of the mor- 
phologic criteria of malignancy are found in 
Detroit strains that were derived from non- 
cancerous individuals. The possibility that 
such strains have become malignant in vitro 
requires proof by methods that have not yet 
been devised for study of human strains. 
Puck e¢ al.(18) described the isolation of 
clones of cells.from HeLa cultures. The clones 
represent different phenotypes derived from 
the original population of cells. The ideas of 
Parker ef al., Leighton e¢ al., and Puck et al., 
are equally reasonable explanations of the 
appearance of epithelial-like cells in tissue 
cultures derived from mixed populations of 
cells. An unresolved problem relates to the 
possibility that the stable strains of epithelial- 
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like cells represent the survival of a particu- 
lar cell type included in the primary cultures. 

Summary. The histories of 8 strains of 
human epithelial-like cells derived from bone 
marrow, ascitic and pleural fluids have been 
described. Preliminary observations on their 
morphology have been reported and the sig- 
nificance of these observations has been dis- 
cussed. 
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Dietary Protein and-Serum Cholesterol in Rats. 
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ARDEN W. Moyer, Davin KrITCHEVSKY, JOHN B. LoGAN, AND HERALD R. Cox. 


Viral and Rickettsial Section, Research Division, American Cyanamid Co., Lederle Laboratories, 
Pearl River, N. Y. 


Undernutrition has been shown to. enhance 
atherosclerosis and hypercholesterolemia in 
cholesterol-fed chickens(1) and rabbits(2). 
The role played by protein intake in this phe- 
nomenon is not quite clear. Diets high in 
casein(3) or defatted beef(4) have been re- 
ported to be atherogenic for rabbits, although 
vegetable protein appeared to have no such 
effect(5). Recently, cholesterol-fed rabbits 
were maintained on low calorie, high protein 
diets, and while atherosclerosis was not re- 
duced in these ‘animals, some lowering of the 
levels of serum cholesterol was observed(6). 
The purpose of the present investigation was 
to study the effect of varying amounts of 
dietary protein on the serum cholesterol of 
rats being fed this sterol. 

Method. Two experiments were carried 
out; in the first, casein was the protein fed 
to groups of rats, in the second, Drackett 
protein* was used (Table I). The diets in 
the casein series (A to E) contained 10, 10, 
20, 40 and 60% protein as noted. No choline 
chloride was present in diet A, while 0.5% of 
the compound was added to the remainder of 
the casein diets. In the Drackett protein series 
(K to M) the percentages of the protein were 
10, 40 and 60, supplemented in each case by 
2% choline chloride. Table I gives the per- 
centages of diet components. Protein was 
increased at the expense of sucrose, and 
cholic acid(7) was added in order to heighten 
cholesterolemia. All diets contained 25% 
lard, 5% H.M.W. salt mix(8), 2% choles- 
terol, 1% cholic acid and the’ following vita- 
min mixture (mg/kg): thiamin 10, riboflavin 
10, pyridoxine 10, niacin 10, Ca pantothenate 
30, inositol 100, p-aminobenzoic acid 10, folic 
acid 1, biotin 0.1, mixed tocopherols 40, mena- 
dione 1; plus Vit. A 7200 u/kg and Vit. D 
1200 u/kg. Diets A-E also contained 4% 
alphacel. Rats were males of the Charles 


* Purified soybean protein prepared by the Drack- 
ett Products Co., Cincinnati, O. 


River strain. Those in Exp. 1 weighed 180 
g initially; in Exp. 2, 200 g. After 3 weeks 
(Exp. 1) or 4 weeks (Exp. 2) on the various 
diets, all animals were exsanguinated. The 
livers were pooled by groups and dissolved in 
20% KOH for subsequent analysis, and the 
sera were assayed individually for total chol- 
esterol, using the method of Trinder(9). 


Results. Results are given in the Table. 
The average serum cholesterol value in Group 
B was 5 times higher than in Group A; while 
the percentage of liver cholesterol was almost 
half. 


The effects of the incorporation of different 
percentages of casein in diets are apparent 
from an examination of data on Groups B 
through E. When casein comprised 10% of 
the diet, the average serum cholesterol value 
was 1132; at 20% it was 658; and at 40%, 
460. The average weight of the rats also in- 
creased with greater protein intake, as would 
be expected. However, 60% casein did not 
produce a further lowering of serum choles- 
terol and weight gain as compared with 40% 
casein. " 

In Exp. 2, where Drackett protein was fed, 
similar results were obtained in animals re- 
ceiving increasing amounts of dietary protein. 
The average serum cholesterol level dropped 
in Groups K, L and M, the weight of rats 
rose, and liver weight increased as percentages 
of protein were raised. In contrast to the 
observation made in Exp. 1, 60% protein 
continued to influence these values beyond 
those at 40%. Whether the higher percent- 
age of choline in the Drackett diets may be 
related to this difference is uncertain. 

The differences between the serum choles- 
terol level of groups A and B, A and D, C and 
B and L and M are highly significant (p< 
0.001) and those between groups C and D 
and L and K are significant (p<0.05 and 
p<0.03, respectively). 

Summary. Increasing the protein content 
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Diet components (%) 
Wt gain 


_ *> =a | 
Group Protem CCLt Sucrose (g) 
Exp. a yi 
A 10 CY — 53.0 —4 
B 10c 0.5 52.5 -l4 
Cc 20C 0.5 42.5 96 
D 40C 0.5 22.5 113 
E 60C 0.5 2.5 72 
Exp. 2 
K 10D 2 55 —10 
I 40D 2 25 174 
M 60D 2 5 164 


* Averages for groups of 6 rats each. 
fiable. § Casein. 


of the diets of groups of rats on a normally 
hypercholesterolemic regimen (cholesterol 
plus cholic acid) caused a progressive drop in 
serum cholesterol values. This observation 
held true when either casein or Drackett pro- 
tein was used. All diets except one contained 
added choline chloride. Animals on the cho- 
line-free diet had lower serum cholesterol lev- 
els and higher liver cholesterol levels than a 
comparable choline-fed group. 


1. Rodbard, S., Bolene, C., and Katz, L. N., Cirew- 
lation, 1951, v4, 43. 

2. Goldner, M. G., Loewe, L., Lasser, R., and 
Stern, I., Proc. Soc. Exp. Bron. Aanp Menp., 1954, vS87, 


Robbins, Petermann and Rall(1) found 
that the thyroxine-binding protein of human 
serum has a solubility, sedimentation constant 
and electrophoretic mobility in alkaline solu- 
tion resembling an a-2-glycoprotein. Gersh 
(2) pointed out that thyroid cells present 
submicroscopic particles containing glycopro- 
teins and that thyroid colloid has at least 2 
proteins with carbohydrate-reacting groups. 
One of these proteins seems to be identical 
with thyroglobulin. 

However, we were unable to find any refer- 
-ence in the literature dealing with serum 
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+ CCL—Choline chioride. 
|| D—Dracekett protein. 


Serum Glycoproteins in Thyroidectomized Rats. 
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TABLE I. Autopsy Data* on Rats Fed Various Levels of Dietary Protein. 


Liver lipid 


Serum chol. Liver wt distribution 


(mg %) (g) %NSt 9% chol. 
228 (121- 299) 11.8 19.4 9.3 
1182 (885-1500) 10.5 12.3 5.0 
G58 (423- 945) 16.7 13.3 5.7 
460 (274- 983) 16.4 16.9 5.3 
483 (351- 728) 15.2 10.8 5.0 
637 (341- 978) 12.6 = = 
382 (198- 520) 16.4 = ay 
188 (141- 258) 172 ae = 


} NS—Nonsaponi- 


10S. 
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glycoproteins in thyroidectomized animals. 
This paper reports the results of our experi- 
ments on the effect of thyroidectomy in serum 
glycoproteins. 

Materials and methods. Male Wistar rats 
weighing between 50 and 80 g were thyroidec- 
tomized under ethyl urethane anesthesia. 
These animals and a group of normal Wistar 
rats of the same age, sex and weight were 
given the normal laboratory diet. After 45 
days all animals were bled by heart puncture 
under ether anesthesia. Blood was left to clot 
and serum separated. Serum glycoproteins 
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SERUM GLYCOPROTEINS IN THYROIDECTOMIZED RATS 


TABLE I. Glycoproteins and Total Proteins in Sera of Normal and Thyroidectomized Rats.* 


G/P, 
Glycoproteins, Total proteins, mg glycopro- 
No. of mg hexose/100 ml g/100 ml tein/g protein 
Group rats = ————————Mean + stand. dev.t —————_—_—_, 
Normal 12 125+ 9 7.71 + 53 16 + 1.35 
Thyroidectomized 8 98 + 12 6.41 + .76 15 + 2.00 
| =(x-x)? 


* Mean body wt 161 g. 


were determined as total protein-bound hex- 
ose using a galactose-mannose standard ac- 
cording to Winzler’s technic(3). The deter- 
mination of total serum proteins was carried 
out by the biuret method of Weichselbaum 
(4). 

Results. Average values for serum glyco- 
proteins and total proteins obtained with nor- 
mal and thyroidectomized rats, followed by 
their standard deviations are given in Table 
I, Glycoproteins and total proteins were ex- 
pressed as mg of galactose-mannose and g of 
protein per 100 ml of serum, respectively. 
The G/P ratio was expressed in mg of glyco- 
protein per g of total protein. } 

The averages obtained were all highly sig- 
nificant (P<0.001) according to Student’s 
t test($). Glycoprotein levels in thyroidec- 
tomized rats were markedly lower than those 
obtained for normal ones. The difference was 
highly significant (t = 5.5, P<0.001). To- 
tal proteins were also considerably lowered 
in thyroidectomized animals, and the dif- 
ference between the averages for operated and 
normal rats was also statistically significant 
(t = 4.5, P<0.001). On the other hand, 
G/P ratios of normal and thyroidectomized 
rats were practically the same and the dif- 
ference between the averages of both groups 
was not statistically significant (t = 1.335, 

<0.2). 


Discussion. Our studies in thyroidecto- 


+t Stand. dev. = / 


Vy n-l 

mized rats are in accordance with those of 
Podhradszky(6,7) who reported a decrease 
on total serum proteins in thyroidectomized 
dogs. In view of our results the observed de- 
crease in serum glycoproteins after thyroidec- 
tomy was probably a consequence of hypo- 
proteinemia, as it was shown by similar values 
of G/P ratio observed in both normal and 
operated rats. 

Summary. Glycoproteins and total pro- 
teins were determined in sera of normal and 
thyroidectomized male Wistar rats. Statis- 
tically significant decreases of serum glycopro- 
teins and total proteins were observed in the 
operated animals. Our results seemed to show 
that the fall in serum glycoproteins of thy- 
roidectomized rats is related to the hypopro- 
teinemia observed in this experimental condi- 
tion. 
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This paper describes propagation of Shope 
fibroma virus through 14 successive passages 
in cultures of cottontail (Sylvilagus sp.) testes 
and through a few passages in similar cultures 
of testes from domestic rabbits. References 
to propagation of fully active fibroma virus in 
vitro have not been encountered (1). 

Materials and methods. Virus. Vibroma 
virus employed was one originally isolated 
from a wild cottontail(2). Two lines of this 
virus were propagated in vitro, One line, des- 
ignated A, had been passed intradermally in 
cottontails, and another, B, was the same 
virus after 2 intravenous passages, also in cot- 
tontails. Propagation in tissue cultures was 
initiated with 10% suspensions of skin fibro- 
mas. Tissue cultures. Although some mature 
cottontail testes were used in later passages, 
testes from immature or from non-breeding 
animals were selected by preference. Testes 
of domestic rabbits were uniformly selected 
from immature animals. The tissues were 
minced with scissors prior to fixation in roller 
tubes by means of chicken plasma clot. Cul- 
tures were fed maintenance solution(3) plus 
20% horse serum initially and 10% horse 
serum in 4 to 8 days when cellular growth was 
well started and the cultures were inoculated. 
Each tube contained 2 ml of supernatant 
fluid. At intervals of 3 to 10 days (usually 
4 or 5) transfers were made by the inocula- 
tion of tubes with 0.2 ml of fluid from the pre- 
vious passage. Monolayer monkey kidney 
cells(4) and explants of human foreskin were 
cultivated under similar conditions. Tests 
for virus. Presence and amounts of virus in 
supernatant fluids were determined by intra- 
dermal inoculation of domestic rabbits by 
methods previously described(2). Mainte- 
nance fluid containing 10% horse serum was 


* Present address: Division of Biologics Standards, 
National Institutes of Health, Bethesda, Md. 


used as a diluent in titrations and in storage 
of virus. Amimals, Albino rabbits were pro- 
cured from local dealers, and cottontails were 
purchased from dealers in Wyoming and Kan- 
sas or were trapped locally, Histology, For 
histological examinations testis tissue grown 
on cover slips was fixed in Bouin’s solution 
and stained with hematoxylin and eosin, 

Results, Cottontail testes cultures, The 
14 passages through which lines A and B of 
fibroma virus were carried represented 18 and 
20 tenfold dilutions respectively of the orig- 
inal fibroma suspensions, Since these original 
suspensions titrated only 10°°, a considerable 
increase of virus occurred, Multiplication of 
fibroma virus was evident within individual 
passages, Fig. 1 demonstrates such results of 
skin tests in a domestic rabbit. Third pas- 
sage of line A, with virus barely demonstrable 
in undiluted supernatant fluids obtained 3 
days after inoculation, had a virus titer of 
10°% at 7 days and of 10°* at 13 days after in- 
oculations. In sixth passage, there was a rise 
of from 10% at 13 days to 10% between 4 
and % days after inoculation, fluids having 
been changed and titrated at each interval. 
In all passages, with either line of virus, 10+ 
was the maximum virus titer obtained. ‘Titers 
usually declined at later intervals when the 
tissue culture cells were degenerating. Such 
degeneration, after a variable number of 
weeks, was equally demonstrable in uninocu- 
Jated control cultures, 

Cultures of domestic rabbit testes, The 
only success in propagation of fibroma virus 
in cultures of testes from domestic rabbits 
was with line A virus, which was recoverable, 
although barely so, from fourth passage super- 
natant fluid. There was suggestive evidence 
of virus multiplication in the first 2 passages, 
Thus, in the second passage, supernatant fluid 
had a virus titer of 10°? 4 days after inocula- 
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Skin of a domestic rabbit, showing results of titrations of fibroma virus as it occurred 


FIG. 1. 


Frsroma Virus ty Tissue CULTURE 


“1072 1073 10°4 


in supernatant fluids of various tissue culture passages. Photograph taken 8 days after skin 
inoculations were made. 


tion, After 2 complete changes of fluid in 
the course of 6 days, the supernatant fluid, of 
the same passage and 10 days after inocula- 
tion, had a titer of 10°. - This was the same 
titer obtained by titrations of fluid from the 
first passage 4 and 8 days after inoculation. 
Other attempts at propagation of fibroma 
virus were unsuccessful. Line B virus from 
the original suspension and viruses from the 
third passage of lines A and B in cottontail 
testis cultures survived only a single passage 
in cultures of testes from domestic rabbits. 
Negative results with other types of tissue. 
Virus multiplication did not-occur in other 
types of tissue culture inoculated with orig- 
inal virus suspension of lines A and B. Both 
lines of virus were recoverable from the first 
but not from a second passage in human fore- 
skin. Line B of fibroma virus was twice in- 
oculated into cultures of monkey kidney cells. 
In both attempts the virus barely survived 
to a third passage, which represented only 3 
tenfold dilutions of the starting suspensions. 
Histology. A predominance of fibroblasts, 
surrounding islands of epithelial cells, charac- 
terized tissue cultures of both cottontail and 
domestic rabbit testes. Epithelial cells were 
more prevalent in the latter cultures. Fig. 2 
illustrates proliferation of fibroblasts, as seen 
in an infected culture of cottontail testis. Un- 
inoculated tissue cultures had a similar gen- 
eral appearance, for there was no evidence of 
cell destruction resulting from infection. 
Acidophilic, intracytoplasmic inclusions, ir- 
regular in size and shape and surrounded by 


a clear zone or halo, were abundant on first _ 
passage of virus in tissue cultures, whether of 
rabbit or of cottontail origin (Fig. 3). Occa- 
sionally, a single fibroblast might contain 2 
inclusions. Inclusion bodies were less abun- 
dant on subsequent passage, but when pres- 
ent, they were concentrated in groups of 
closely adjacent cells. Similar cells in sur- 
rounding areas appeared normal. Fig. 4 rep- 
resents a culture of fibroma virus (7th tissue 
culture passage) in cottontail testis tissue 
which had been inoculated 3 weeks previ- 
ously. In this preparation inclusion bodies 
are associated with intracytoplasmic vacuoles. 
These vacuoles had a ground-glass appear- 
ance, apparently due to mucin-like contents. 
In common with the associated inclusions, 
they increased in prominence between the 
first (Fig. 2) and third weeks following in- 
oculation. The vacuoles were encountered 
primarily in areas where the inclusions were 
also present and they were not observed in 
control, uninoculated cultures. Fig. 5 shows 
a section of a testis fibroma from an infected 
cottontail. It shows elongate vacuoles, some 
filled with a similar mucin-like substance, as 
well as 2 acidophilic, intracytoplasmic inclu- 
sions. Clear vacuoles, often in clusters and 
nearly filling the cytoplasm of certain cells, 
were occasionally found in both normal and 
infected tissue cultures. They were readily 
distinguishable from the vacuoles having a 
ground glass appearance and illustrated in 
Fig. 4. Using the periodic acid-Schifi (PAS) 
method, Fisher(5,6) described intracytoplas- 
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FIG. 2. 
virus 5 days previously. (H & E 96x.) 
FIG. 3. 


Growth of fibroblasts from cottontail testis inoculated with 7th passage fibroma 
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Acidophilic, intracytoplasmic inclusions (arrows) in tissue culture of cottontail 


testis, inoculated with fibroma virus 4 days previously. (H & E 1000 x.) 
FIG. 4. Intracytoplasmie inclusions (arrows) and associated vacuoles containing mucin-like 
substance, Seventh passage of fibroma virus, 3 wk after inoculation into tissue culture of cotton- 


tail testis. (H & E 1000.) 


FIG. 5. Section of fibroma which developed in testis of cottontail following inoculation. In- 
clusion bodies shown by arrows. (H & E 1000.) 


mic inclusions within fibroma cells of the cor- 
ium which could not be stained with hema- 
toxylin and eosin. He believed that these in- 
clusions were possibly glycoprotein in nature 
and not related to the virus particles. Al- 
though PAS-positive inclusions were found in 
testis fibromas, they were not nearly as abun- 
dant as in fibroma cells of the corium in skin 
tumors of the same cottontail. So far I have 
had no definite evidence of the occurrence of 
this type of inclusion body in tissue culture 


preparations. 

Discussion, Evidence is presented that 
fibroma virus multiplies in tissue cultures of 
cottontail testes. Two features of testicular 
fibromas, such as develop in cottontails fol- 
lowing inoculation, are apparent in stained 
preparations of tissue cultures. They are 
acidophilic inclusions and secondly vacuoles 
filled with a mucin-like substance. The in- 
clusions closely resemble those described by 
Feller, Enders, and Weller(7) in their study 
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of vaccinia virus in roller tube cultures of 
chick fibroblasts. This resemblance is pos- 
sibly another expression of the relation of pox 
viruses to those of fibroma and myxoma(8). 
Propagation of fibroma virus in tissue culture 
offers a means of studying the nature of this 
tumor-inducing virus, its effect on living cells, 
and its transformation into strains of greater 
or lesser virulence. 

Summary. (1) A mammalian tumor-induc- 
ing virus, that of the Shope fibroma, has been 
propagated in tissue culture. (2) Two lines 
of fibroma virus were each carried through 
14 successive passages in tissue cultures of 
cottontail testes. (3) One line of virus was 
carried up to 4 passages in similar cultures of 
domestic rabbit testes. (4) Growth of virus 
was accompanied by formation of acidophilic, 
intracytoplasmic inclusions and by vacuoles 
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containing a substance with a ground glass 
appearance, 
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Evidence to indicate a stimulatory effect of 
estrogens on the pituitary-adrenocortical sys- 
tem in animals has been reviewed by Roberts 
and Szego(1). In the guinea pig, Zondek and 
Burstein(2) found increased urinary cortico- 
steroid excretion following estrogen adminis- 
tration. On the other hand, Vogt(3) has 
measured directly adrenocortical hormones in 
the adrenal venous blood of the rat and rab- 
bit, and found diminution of secretion follow- 
ing administration of hexoestrol in the rat 
but not in the rabbit. In the human, Gem- 
zell(4) found elevated plasma 17-hydroxy- 
corticosteroids during pregnancy, and sug- 
gested that such elevations are due to adrenal 
activation from the increased estrogen which 
occurs during pregnancy. 


* Aided by grants from National Heart Institute 
(H-2376), and National Cancer Institute (CT-496) 
of National Institutes of Health, U. S. Public Health 
Service, 


This study is concerned with plasma 17- 
hydroxycorticosteroid levels following diethyl- 
stilbestrol (stilboestrol) administration to 
human subjects, and was carried out because 
of the finding of markedly elevated levels in 
a patient with carcinoma of the prostate while 
on stilboestrol therapy. 

Procedure. Plasma 17-hydroxycorticoster- 
oids were determined by the method of Nel- 
son and Samuels(5), blood being drawn be- 
tween 8:30 and 9:30 a. m. In this labora- 
tory levels in 30 normal adults of both sexes 
were 14,4 + 6.2 (mean +: S.D.) pg per 100 
ml plasma (range 3.3 to 28.4); these values 
are similar to those of Bliss e¢ al.(6). 

Seven men with carcinoma of the prostate, 
one male (E.W.) with Addison’s disease of 12 
years duration, and one female (I'.P.) who 
had undergone subtotal adrenalectomy for 
Cushing’s syndrome were studied. In the 
patients with carcinoma of the prostate, pre- 
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TABLE I. 17-Hydroxycorticosteroid Plasma Levels (ug/100 ml) in 7 Patients with Carcinoma 
of Prostate Treated with Stilboestrol, 


Last pre- Stilboestrol, 20 mg/day, : 

viene ‘eile Before on days 9-18 After 

boestrol Day 1 4 8 Mean val 15 18 Mean 22 25 8 29 

l4days 21.4 15.5 20.5 (19.1) 30.8 334 14.7 (26.3) 27.4 26.3 29.4 
2 years Tauee Ove tb - (10,8) 33.0 14.0 30.5 (25.8) 80.4 15.2 13.4 

34 days Tet? OP (11.0) 548 445 47.8 (48.8) 86.7 20.2 17.9 
$a 28.7 28.38 25.6 (25.9) 36.1 41.2 34.4 (87.2) 35.6 216 22.3 
Tere 20.4 19.8 — (24.6) — 41.9 389.6 (40.8) 41.5 26.4 22.8 
ae 22.4 22.4 29.4 (24.7) 40.2 80.2 84.8 (85.1) 13.4 20.0 138.4 
$005 22.9 22.0 25.1 (23.8) 48.6 39.8 62.5 (50.3) a are 

Mean (19.9) Mean (37.8) 


vious treatment with stilboestrol was discon- 
tinued, and after an interval without this 
drug, 17-hydroxycorticosteroid blood levels 
were determined before, during, and after a 
10-day course of stilboestrol, 20 mg per day 
orally in 2 doses. The same dose was given 
to the 2 other patients. For comparative 
purposes and at a later period the patient 
with subtotal adrenalectomy was tested with 
ACTH, using 25 i.u. in an intravenous infu- 
sion over a 6-hour period on 2 successive days, 
with blood samples taken at the beginning 
and end of the infusions. 

Results. The blood levels found are pre- 
sented in Table I. In the case of each of the 
7 patients with carcinoma of the prostate the 
mean 17-hydroxycorticosteroid plasma level 
before stilboestrol and the mean value while 
taking this drug were calculated. In each of 
these patients when the mean 17-hydroxy- 
corticosteroid value before stilboestrol is com- 
pared with the mean value while taking this 
drug, a definite increase during the latter 
period seems obvious. When the means of 
the means for the group were compared, the 
17-hydroxycorticosteroid plasma levels were 
significantly higher during stilboestrol ther- 
apy than before this medication was given 
(P=<.01). One male with long-standing 
Addison’s disease and maintained on 10 mg 
oral cortisone acetate twice daily, showed 
control plasma values of zero when tested on 
day one and day 3 (the last cortisone was al- 
ways taken 12 hrs before the blood sample). 
Stilboestrol 20 mg/day was begun orally on 
day 3, and 17-hydroxycorticosteroid values 
of 0.7, 4.5 and 3.8 pg% were found on days 
5, 7 and 10 respectively. In the patient with 


subtotal adrenalectomy, control values were 
14.2 and 16.0 »g% while values of 36.9, 35.9, 
and 40.3 wg% were seen on days 3, 6, and 8 
of stilboestrol therapy. The values found on 
the 2-day ACTH test were 12.4 pg% (be- 
fore), 18.9 (after) on day one; and 20.2 (be- 
fore), 21.9 (after) on day 2. 

Discussion. The increased levels of plasma 
17-hydroxycorticosteroids found in the pa- 
tients with carcinoma of the prostate while 
taking stilboestrol might be attributed to (1) 
interference of the drug with the Porter-Silber 
color reaction, (2) measurement of a metabo- 
lite of stilboestrol, (3) stimulation of the 
pituitary-adrenal system, (4) interference 
with normal pathways for removal of adrenal 
steroids from the blood. 

It appears improbable that there was inter- 
ference with the color reaction since 40 pg 
of crystalline stilboestrol in chloroform when 
run through the chromatographic and color 
developing procedures resulted in a negligible 
absorption in the range of 410 my. Although 
unlikely because of the benzenoid character 
of stilboestrol, the possibility exists that 
some metabolic product of stilboestrol was 
responsible for the elevated values found. 
Evidence against this is the small rise pro- 
duced in the blood levels of the patient with 
Addison’s disease after 7 days on stilboestrol. 
If a stilboestrol metabolite were produced and 
measured, a rise similar in magnitude to that 
seen in the other patients might be expected 
since all were on the same dose of stilboes- 
trol. Other than male patients with absolute 
Addison’s disease, suitable control patients to 
test the hypothesis of pituitary-adrenal stimu- 
lation would have been males having com- 
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plete adrenalectomy with no remaining aber- 
rant adrenal tissue, or males with com- 
plete anterior pituitary failure (as from hypo- 
physectomy), whose adrenals were not atro- 
phic and would therefore be capable of re- 
sponding to stimulation. In lieu of such pa- 
tients, one normally menstruating female 
(F.P.) who had had subtotal adrenalectomy 
because of Cushing’s syndrome was studied 
after stilboestrol as well as after ACTH ad- 
ministration. The results were difficult to in- 
terpret since they showed normal control 
levels, poor response to ACTH, and elevated 
levels after stilboestrol. 


The elevated plasma _ 17-hydroxycorticos- 
teroid values observed following stilboestrol 
therapy may indeed indicate pituitary-adrenal 
stimulation. This would be consistent with 
the evidence in certain animals which indi- 
cates pituitary-adrenal activation by estro- 
gens(1.2), but not with the findings of Vogt 
(3) using hexoestrol in rats. It would sup- 
port the suggestion of Gemzell(4) that the 
elevated plasma 17-hydroxycorticosteroid lev- 
els found in pregnancy are due to estrogen 
stimulation of the pituitary-adrenal system. 
The poor response to ACTH in the patient 
with subtotal adrenalectomy is not consistent 
with this theory. The results in this individ- 
ual suggest that the adrenal remnant was 
functioning maximally at all times and could 
hardly be stimulated further by an effect of 
stilboestrol on the anterior pituitary. 

Another hypothesis which would explain 
the findings in the patients with carcinoma of 
the prostate is that stilboestrol may interfere 
with the metabolic pathway normally em- 
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ployed in the removal of 17-hydroxycorticos- 
teroids from the blood, with the resulting ac- 
cumulation reflected in elevated plasma levels. 
The data obtained on the patient with sub- 
total adrenalectomy seem to fit best with this 
hypothesis; also this hypothesis could account 
for the results in the patient with Addison’s 
disease. Jt cannot be concluded from the 
present data whether stilboestrol stimulated 
the pituitary-adrenal system in these patients, 
or whether it blocked a metabolic pathway 
for disposal of 17-hydroxycorticosteroids. 
Summary. Seven patients with carcinoma 
of the prostate showed a significant rise in 
plasma 17-hydroxycorticosteroid levels dur-. 
ing treatment with stilboestrol as compared 
with pretreatment control levels. In a male 
with Addison’s disease such a rise was not 
seen, while in a female with subtotal adrenal- 
ectomy a greater rise in these blood levels oc- 
curred following stilboestrol than following 
ACTH administration. Several mechanisms 
to explain these observations are discussed. 


Special thanks are due to Mrs. Angela Cahn and 
Mrs. Jean Sadler for their technical assistance. 
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BENJAMIN BLATTBERG. 


In an attempt to isolate one of the com- 
ponents of complement, Pillemer ef al.(1) 
separated a protein from normal serum which 
may have significance in natural immunity. 
The protein, called properdin, acts only in the 
presence of complement and Mg*~ and is 
capable of destroying bacteria, of neutralizing 
viruses, and of lysing certain red cells(1,2). 
Zymosan,* the insoluble carbohydrate resi- 
due from yeast cells, combines with properdin 
at 17°C in the presence of fresh serum to 
form a complex which can be removed by 
centrifugation. Serum deficient in properdin 
after zymosan treatment resembles normal 
serum except that the activity against bac- 
teria, viruses, and red cells is greatly dimin- 
ished or entirely absent(1). 

In vivo experiments in mice have demon- 
strated the ability of zymosan to cause 
marked ‘changes in susceptibility to experi- 
mental Escherichia coli infection(2). The 
ability of zymosan as well as other polysac- 
charides such as dextran, levan, and glucan to 
react with properdin(2) suggested the possi- 
bility that specific configurations or spatial ar- 
rangements are involved and that the injec- 
tion of one of these polysaccharides into a 
normal animal would stimulate antibody pro- 
duction to these specific configurations. 
Pillemer e¢ al.(1) have shown that proper- 
din has a bactericidal action against E. coli B. 
This paper concerns itself with an attempt to 
increase the cidal activity of rabbit and guinea 
pig serum for £. coli B by means of injections 
of zymosan incorporated in Freund adjuvants 
(3). 

Methods. Zymosan was suspended in 100 
volumes of saline and placed in a boiling 
water bath for one hour(4). After centrifu- 
gation at 3500 rpm for 45 minutes at 0°C, 
the zymosan was resuspended in a 3.5% solu- 
tion of fresh egg-white and incubated for 2 
hours at 37°C. This mixture was shaken oc- 
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casionally during incubation and was then 
taken up in Freund adjuvants(3). As zymo- 
san is a carbohydrate, there is the possibility 
that it may not be antigenic of itself but may 
act as a hapten. Therefore, fresh egg-white 
was added to the zymosan because it has been 
suggested that antigenic proteins may com- 
plex with carbohydrates and impart their an- 
tigenic property to the complex(5). 

Six guinea pigs and 6 rabbits, all young 
adult males, were used. Each animal received 
a subcutaneous injection into the back of the 
neck, weekly, over a period of 3 weeks. A 
fourth injection was given 17 days after the 
third. Each guinea pig received a total of 
approximately 12 mg of zymosan and each 
rabbit approximately 24 mg. The animals 
were bled from the heart before injection and 
at intervals thereafter. Clotted blood was al- 
lowed to remain at room temperature for 2 
hours. The serum was then separated in a 
refrigerated centrifuge and stored in sealed 
vials in a dry ice chest. The E£. coli B culture 
was maintained on nutrient agar slants and 
transfers made to complete liquid medium(6). 
After the second serial transfer in this me- 
dium, an 18-hour culture was used for :in- 
oculum. After 4 or 5 such serial transfers, a 
new culture was started from the agar slant. 

Bactericidal tests were set up in the fol- 
lowing manner: Nine ml amounts of com- 
plete medium were sterilized in tubes cali- 
brated at 10 ml. Each tube was inoculated 
with 1 ml containing approximately 1.000 
cells of an 18-hour EZ. coli B culture. Sera 
were added to each tube in the amounts indi- 
cated. Mg*~* was supplied by the addition 
of MgCl.*6H:O to the inoculum so as to 
give a final concentration of 0.07 mg of 
Mg*~* ml in the test(7). The volume was 
made up to the 10 ml mark with distilled 
water to compensate for loss during steriliza- 
tion, and after the contents were well mixed, 
1 ml amounts were distributed into small 
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sterile tubes. Incubation was at 37°C. At 
hourly intervals, one tube of each serum con- 
centration was well shaken in a rack to avoid 
foaming, and pour plates of the entire con- 
tents were made in complete agar(6). Plates 
were incubated for 24 hours and colony counts 
made, 

For skin testing, zymosan was prepared in 
a boiling water bath as previously described, 
but was centrifuged lightly at 500 rpm for 
one minute. The very opalescent supernatant 
was removed and 0.1 ml injected intracutan- 
eously. Boiled as well as formalin treated 
cells of 1. coli B were also used in skin tests, 
0.1 ml amounts containing 2 x 107 and 2 x 
10° bacteria being injected intracutaneously. 

Antigens for agglutination tests were the 
same boiled and formalinized /, coli B sus- 
pensions as used for skin tests, but in a con- 
centration of 1 x 10° cells/ml. Incubation 
temperatures of 37°, 46°, and 56°C for 18 
hours were all tried. 

As not all preparations of zymosan are ac- 
tive, the zymosan used in this experiment was 
tested for its ability to absorb properdin from 
normal sera without affecting the hemolytic 
activity of the serum(4). Rabbit sera were 
absorbed twice with 5 mg of zymosan/ml at 
17°C for one hour each time. ‘The sera were 
then tested in a standard hemolytic system 
and found to have retained more than 80% 
of their original hemolytic activity. Bacteri- 
cidal activity was found to be greatly dimin- 
ished, indicating an active zymosan prepara- 
tion(4). ; 

Results. In order to eliminate as far as 
possible the variables which arise in experi- 
ments employing small numbers of bacteria 
and small amounts of serum, it was found 
necessary: (a) to report only those experi- 
ments in which the inoculum was within the 
arbitrarily chosen limits of 95 to 105 bac- 
teria/ml; (b) to test in the same experiment, 
all sera which were to be compared; (c) to re- 
peat the testing of these sera 3 or 4 times at 
intervals of approximately a week. ‘Table I 
represents the results of 4 experiments with 
0.75% and 1.0% concentrations of normal 
rabbit serum pool, of rabbit Pool G_ bled 
7 days after the last injection and of Pool I 
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TABLE I, Bactericidal Activity of Normal and 
Immunized Rabbit Sera as Determined by Plate 
Oount, 


Viable colls/ml at ond of each 
incubation period 


Wr of Pool N Pool G Pooll 
iN@e Minal cone, of serum — 
bation .75% 1.0% .75% 1.0% 15% 1.0% 
l 7” + «76 40 Sst aoe 

69 66 68 45 11 8 

92 8S 38 AG 2 0 

69 63 Ad 80 6 0 

Avg 77 74 60 40 6 1 

2 B4 43 6 0) 0 0 

82 29 12 : ay, 4 

8 3 0 6 0 0 

45 83 6 2 0 0 

Avg 42 84. 6 8 0) 0 

8 118 65 4, 0 0 0 

96 70 20 0 0 0) 

260 82 2 4 0 0 

105 AG | 0) 0 0 

Ave 145 66 7 | 0 0 

4 TM* 240 42 4 0 0 

200 94 0 0 0 

260 8 30 0 0 

lM * 20 4 0 0 

Avg Ad 10 0 0 


Pool N: Normal serum pool. 
Pool G: Serum pool 7 days after last inj. 
» 


PoolI: ” MBO) a 
"'TM <= 'l'oo many bacteria to count, 
bled 30 days after the last injection. Table 
IT represents 4 experiments with 1.75% 
and 2.0% concentrations normal guinea 


pig pool, of guinea pig Pool B bled 11 
days after the last injection and of Pool C 
bled 25 days after the last injection. The 
hourly average values in Tables I and IT 
clearly indicate a sustained increase in bac- 
tericidal activity resulting from the zymosan 
injections. Skin test: Sixteen days after the 
third injection, the animals were skin tested 
with the zymosan suspension, ‘There was no 
reaction at 8 hours, but by 24 hours there was 
marked reddening. The skin was raised and 
hard, the central areas were blanched, and 
later became necrotic. The rabbits showed 
more severe reactions than did the guinea 
pigs. Normal animals, skin tested at the 
same time, showed a slight pink area at 24 
hours which had completely faded by 48 
hours. ‘Thirty-two days after the last injec- 
tion (subsequent to the final bleeding), the 
animals were skin tested with both boiled and 
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TABLE Il. Bactericidal Activity of Normal and 
Tmmunized Guinea Pig Sera as Determined by 
Plate Count, 


Viable cells/ml at end of each 
incubation period 


Hr of Pool N Pool B Pool C 
jneu- -——— Final cone. of serum— Fy 
bation 1.75% 2.0% 1.75% 2.0% 1.75% 2.0% 
. 5 90 92 84 66 85 Bd 
95 90 75 94 75 74 
89 85 83 82 65 57 
79 67 78 73 78 68 
Avg 88 84. 80 79 76 71 
2 104 124. 15 2 4 0 
130 90 12 ata 3 0 
139 75 4. 5 1 0 
140 85 10 0 4 2 
Avg 128 94 10 5 3 \ 
3 280 360 5 1 0 0 
410 210 4 6 0 0 
860 140 0 4 0 0 
440 170 2 0 0 0 
Avg 376 2280 4 38 0 0 
A TCS 14 0 0 0 
0 2 0 0 
0) 4 0 0 
5 0 0) 0 
Avg 5 2 0 0 
Pool N: Normal serum pool. 
Pool B: Serum pool 11 days after last inj. 
Pool C: nf es Vermiy i f° ¢ an a 


*'TM =< Too many bacteria to count, 


formalinized suspensions of 2. coli B cells. 
The experimental animals failed to show ap- 
preciable differences from the normals. 

Ageglutination tests with coli antigens and 
rabbit and guinea pig sera failed to show con- 
sistent differences between normal and_in- 
jected animals. 


Rabbit Pool I, bled 30 days after the last 
injection, was absorbed with 5 mg of zymo- 
san/ml of serum at 17°C for one hour. After 
centrifugation at 3500 rpm for 45 minutes at 
0°C, this serum lost none of its hemolytic ac- 
tivity but showed a marked decrease in bac- 
tericidal potency. A second absorption of the 
same serum resulted in some 25% loss of 
hemolytic activity and a further loss in cidal 
activity (Table ITT). 

Discussion. ‘The increase in bactericidal 
titer, the positive Arthus phenomenon, and 
the ability to absorb bactericidal activity with 
zymosan, all suggest that antibodies were pro- 
duced as a result of immunization with zymo- 
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san. Thus the possibility exists that antibody 
against zymosan possesses receptor sites capa- 
ble of reacting with a specific polysaccharide 
configuration; a configuration which may be 
present in F&. coli B, viruses, and red cells. 
The concept of the antigenicity of zymosan 
may be carried a step further to help explain 
a number of experiments(8-12) which have 
recently appeared in the literature. Workers 
have injected substances such as levan(8), 
lipopolysaccharides(9), typhoid vaccine(10), 
and zymosan(10-12) into mice and found a 
rapid fall in properdin level followed in 3 to 6 
days by a rise to a level greater than normal. 
After about 10 to 14 days, the properdin level 
returned to normal. This fall and rise in prop- 
erdin was paralleled by the degree of suscep- 
tibility of the mice to infection(8-12). Thus 
it would seem that there may be groupings on 
levan, lipopolysaccharides, typhoid vaccine, 
zymosan, #. coli B, viruses and perhaps other 
substances which can combine with receptor 
sites on properdin. The fact that the proper- 
din level falls rapidly on injection of the 
above substances coincides with what would 
be expected if one injected antigen into an 
immune animal; namely, a rapid fall in anti- 
body followed by a subsequent rise and then 
a downward levelling off. The response of 
properdin in the serum of a normal animal to 
injections of levan, zymosan, etc., is very 
much like the antibody response of the im- 
mune animal to specific antigen. 
Landsteiner(5) in his discussion of natural 
antibodies concluded that normal serum con- 
tains substances which are formed indepen- 


TABLE IIT. Baetericidal Activity*® of Pool I Rab- 
bit Serum after Absorption with Zymosan as De- 
termined by Plate Count. 


Ur of Absorbed once Absorbed twice 
incubation 75% 1.0% 75% 1.0% 
| 91 85 88 87 
2 97 40 72 188 
3 800 68 TMt TMt 
A TM t+ TM t TMt TMt 


After first absorption serum lost no hemolytic 
activity, 

After second absorption serum 
hemolytie aetivity. 

* Due to lack of serum, figures represent avg of 
only 2 duplieate experiments. 

}'TM = Too many baeteria to count. 


lost 25% of 
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dently of external antigenic stimuli, have a 
low order of specificity and resemble the anti- 
bodies produced by immunization, I! is pro- 
posed that the properdin fraction of serum 
contains these normal substances which de- 
stroy bacteria, neutralize viruses, and destroy 
red cells, and that the injection of zymosan 
stimulates the production of antibodies with 
receptor configurations similar to those found 
in the properdin of normal serum, Such a 
proposal would readily explain the sustained 
increase in bactericidal activity of the serum 
due to the presence of small amounts of zymo- 
san, also the ability of zymosan to absorb bac- 
tericidal activity due to immunization as well 
as to properdin, 

Kabat and Berg(13) in demonstrating the 
antigenicity of dextran in man, suggested that 
“In all probability, other polysaccharides 
composed of only a single sugar, levans, man- 
nans, etc., will also prove to be antigenic in 
man —’, Zymosan belongs to this group of 
polysaccharides and it may be possible, by 
injecting zymosan, to increase the ‘natural 
antibodies” in the human species, 

Summary, 1. Bactericidal activity against 
Escherichia coli ® was increased in rabbits 
and guinea pigs as a result of injections of 
zymosan mixed with egg-white and incorpor- 
ated in Freund adjuvants, 2. These rabbits 
and guinea pigs responded to intracutaneous 
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injection of zymosan with the Arthus phe- 
nomenon, 3, Zymosan absorbed the bacteri- 
cidal activity without affecting the hemolytic 
activity of the sera, 4, The possible anti- 
genicity of zymosan is discussed, 
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Turbidimetrie Determination of Proteins with Sulfosalicylic and 


Trichloracetic Acids, 


(22601) 


RicnArp J, Henry, CHaries Sonnet, AND MILTON SHGALOVE, 
Lio-Sclence Laboratories, Los Angeles, Calif, 


Folin and Denis(1), using a method pro- 
_ posed earlier for the nephelometric determina- 
tion of protein in milk and digestion mixtures, 
introduced the turbidimetric determination of 
protein in urine with gulfosalicylic acid (SA), 
Subsequently, this technic was extended to 
protein determination in spinal fluid by Denis 
and Ayer(2) and in serum or plasma by 
Looney and Walsh(3), Mestrazat(4) used 
trichloracetic acid (TCA) for the turbidi- 


metric determination of protein in spinal fluid, 

The biuret reaction has almost completely 
supplanted turbidimetry for the routine de- 
termination of protein in serum in the clinical 
laboratory, but because of its greater sensi- 
tivity the turbidimetric method is still widely 
used for urine and spinal fluid and most text« 
books advise the use of SA, 

Although some workers(3,5) have reported 
observing no difference in the turbidity pro- 
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duced with albumin or globulins by SA, 
Plétner(6) claimed that by nephelometry the 
turbidity produced by SA with albumin was 
about 4 times that with globulin. Bossak 
and coworkers(7) found that, by turbidi- 
metry, albumin gives about twice the turbid- 
ity given by y-globulin, whereas much better 
agreement was found using TCA. They, 
therefore, recommended the use of TCA for 
the turbidimetric determination of protein in 
spinal fluid. The difference in turbidity pro- 
duced by SA with albumin and globulin was 
again confirmed nephelometrically by Heepe 
and coworkers(8). Their results, however, 
showed a parallel difference with TCA. 
Obviously, if the degree of turbidity pro- 
duced is dependent on the relative concentra- 
tion of albumin and the various globulins, 
quantitative results are subject to an uncon- 
trollable, and in most instances unknown, 
variable. This study compares results ob- 
tained using SA, TCA, and a mixture of the 
2 acids (SA and TCA) giving identical tur- 
bidities with albumin and y-globulin, on a 
series of sera with a wide range of A/G ratios. 
Materials and methods. Human albumin 
(Lot No. 940 C2B, Hyland Laboratories, Los 
Angeles, Calif.) and human y-globulin (Lot 
No. 2175-249-B, Poliomyelitis Immune Glob- 
ulin, Lederle Lab. Division, American Cyan- 
amid Co., New York City) were standardized 
by Kjeldahl N and in turn were employed 
for standardizing the biuret test and deter- 
mining relative turbidities produced by SA, 
TCA and the SA-TCA mixture. The biuret 
method was employed as the reference method 
for total protein since biuret equivalents of 
the various protein components of serum are 
identical or very nearly so, thus accounting 
for the close agreement with results obtained 
by Kjeldahl N determination(9). Precipita- 
tion of globulins for determination of the 
A/G ratio was carried out by the method of 
Wolfson and coworkers(10). Sera were di- 
luted 1:600, 1:400 and 1:600 with 0.85% 
NaCl for use with SA, TCA and SA-TCA, re- 
spectively. To 4.0 ml of these dilutions was 
added 1.0 ml of the acid reagent followed by 
immediate mixing. The SA and TCA reagents 
were 12.5% and the SA-TCA reagent was a 
mixture of 3 volumes of the SA reagent and 
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4 volumes of the TCA reagent. The turbidi- 
ties were read between 5 and 10 minutes after 
addition of reagents and after remixing and 
allowing any air bubbles thereby produced to 
rise to the surface, in a Bausch and Lomb 
Spectronic 20 at 420 my, using the square 
cuvettes (light path of 11.5 mm) and water 
asa blank. The experiments were carried out 
at room temperature which was 24 + 2°C. 

Results. Acid Concentration. Final con- 
centrations of 2.5 and 5.0% of TCA, SA and 
the SA-TCA mixture were compared. Be- 
cause of the greater tendency towards floccu- 
lation of the protein precipitate with the 
higher acid concentration, lower absorbence 
(A) readings were obtained in general. It 
was concluded that the finer suspension pro- 
duced by the lower acid concentration was 
preferable. Time of reading. Albumin con- 
sistently flocculated more quickly than y- 
globulin. Measurements made on albumin- 
y-globulin mixtures and several sera at 1 min- 
ute intervals up to 20 minutes showed fairly 
consistent readings between 5 and 10 minutes 
after the addition of the acid. If readings 
are delayed until gross flocculation occurs it 
is difficult to obtain proper dispersion, a pre- 
requisite to a correct reading. Gum ghatti. 
Use of gum ghatti as a protective colloid(3) 
was found to delay but not prevent floccula- 
tion. Occasionally, its presence appeared to 
inhibit the development of turbidity. Since 
no particular advantage was apparent from 
its use, and perhaps a disadvantage, it was 
discarded. Reproducibility. The 95% limits 
at a mean absorbence of 0.370 were found to 
be + 5% from the mean. Relative turbidities 
of human albumin and y-globulin. Standard- 
ization curves with solutions of these 2 pro- 
teins in 0.85% NaCl, using SA, TCA and the 
SA-TCA mixture, are shown in Fig. 1. One 
ml of the acids was added to 4 ml of the pro- 
tein concentrations indicated. With SA, the 
turbidity given by albumin was about 2.4 
times that given by y-globulin. With TCA, 
the globulin gave about 1.2 times the turbid- 
ity given by albumin. Since the differences 
produced by these two acids were in opposite 
directions, a successful search was made by 
trial and error for a combination of the acids 
which gave the same turbidities with both 
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FIG. 1. Standardization curves of human albumin and y-globulin. @ = albumin; O = y-glob- 
ulin. 


proteins. Results with sera of varying A/G 
ratios. Results. obtained with 67 sera are 
shown in Fig. 2 in which the absorbence val- 
ues obtained are plotted vs. the serum protein 
concentration. The regression lines shown 
were calculated as y on x. The correlation 
coefficients, r, are indicated on the respective 
graphs. The r values for TCA and the SA- 
TCA mixture are both significantly greater 
than that for SA (t test, P<0.02). The r 
value for the SA-TCA mixture, however, is 
not significantly greater than that of TCA. 
To detect the possible dependence of the 
degree of turbidity produced on the A/G 
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ratio, 100 times absorbence/total protein is 
plotted for the same series of sera vs. the 
A/G ratio in Fig. 3. The regression coef- 
ficients, b for y on x, are shown on the re- 
spective graphs. The b value for SA is sig- 
nificantly greater than O (F test after analysis 
of variance of scatter from regression line, 
P<0.001), indicating a dependence of results 
on the A/G ratio. As predicted from the re- 
sults with albumin and y-globulin, the slope 
is positive. The b values for TCA and the 
SA-TCA mixture are not significantly differ- 
ent from O, giving no indication of a depen- 
dence with these acids on the A/G ratio. 


SA-TCA MIXTURE 


GRAMS PROTEIN PER IOOML. 
FIG. 2. Scatter diagrams of turbidities produced by 67 sera. 
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FIG. 3. Dependence of turbidities produced on A/G ratio. 


Deviation from the average value of 100 
times absorbence/total protein constitutes an 
estimate of the accuracy of the turbidimetric 
method. The 95% limits (2 coefficients of 
variation) for SA, TCA and the SA-TCA mix- 
ture are + 27.2, + 20.4, and + 22%, respec- 
tively. 

Discussion. The estimated accuracy of the 
turbidimetric method is not very high, being 
at best about + 20%. Whether or not this 
is sufficient for the clinician is beyond the 
scope of this discussion. The TCA and SA- 
TCA reagents gave results of significantly 
greater accuracy than the SA reagent, but 
improvement was not as great aS was ex- 
pected. There is little doubt that the SA 
results are correlated with the A/G ratio and 
thus are subject to an uncontrolled variable. 
It is quite possible that the turbidities pro- 
duced by the various proteins other than al- 
bumin and y-globulin present in body fluids 
are not equal using TCA or the SA-TCA mix- 
ture, thus accounting at least partly for the 
relative inaccuracy observed. Reports by 
some workers(3,11) of close agreements be- 
tween results obtained by SA and Kjeldahl 
N are difficult to understand. Inasmuch as 
no disadvantage is apparent, but rather a 
significant advantage, it is believed advisable 
to supplant SA with TCA for routine turbidi- 
metric determinations. Although a SA-TCA 
mixture was found which gave better results 


with albumin and y-globulin than TCA, re- 
sults with sera gave no evidence of superior- 
ity. 

Summary. The turbidity produced by ad- 
dition of sulfosalicylic acid to a solution of a 
mixture of proteins is correlated with the A/ 
G ratio. No correlation is apparent when 
trichloracetic acid is employed. It is sug- 
gested, therefore, that trichloracetic acid 
should supplant sulfosalicylic acid in turbidi- 
metric methods for the determination of pro- 
tein. 
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Antihypertensive Action of Neotetrazolium. 


(22602) 


W. ANTOPOL AND B. W. ZweErrAcH. 


Joseph and Helen Yeamans Levy Laboratory, Beth Israel Hospital and the Department of 
Pathology, New York University-Bellevue Medical Center, New York City. 


Tetrazolium salts have been used to meas- 
ure various aspects of the dehydrogenase ac- 
tivity in living tissue systems. Most experi- 
ments have dealt with excised structures(1,2) 
or with tissue homogenates(3) incubated in 
vitro. The reaction between the tetrazoles 
and living enzyme systems involves reduction 
of the colorless salt to an insoluble purple to 
black formazan, with the greatest accumula- 
tion in areas of growth, multiplication and 
high metabolic activity(1). It has also been 
shown that pp’-diphenyl bis 2-(3.5 diphenyl) 
tetrazolium chloride (Neotetrazolium), when 
injected intraperitoneally or subcutaneously 
in the monkey, rat or rabbit, lodges in consid- 
erable amount in the cerebrospinal and sym- 
pathetic ganglia of the nervous system where 
it is reduced to the insoluble formazan par- 
ticularly in the satellite cells, but also in the 
nerve cells. The darkly colored ganglia stand 
out prominently in contrast to the remainder 
of the nervous system which remains uncol- 
ored (2,4). ; 

Since it has been shown that blood pres- 
sure can be reduced in hypertensive condi- 
tions by interfering either by surgical or phar- 
macological means with nerve transmission 
through the sympathetic ganglia, the possi- 
bility was entertained that the intracellular 


deposition of tetrazolium salts might produce - 


ganglionic blockade. Accordingly, the effect 
of ‘these salts on the blood pressure of hyper- 
tensive rats was investigated. 

Methods. Neotetrazolium (NT) was the 
agent used, hypertensive rats receiving daily 
subcutaneous injections of 0.5 ml or 0.25 ml 
of a 0.5% solution in saline. The studies 
were carried out on a series of 12 rats made 
hypertensive either by a figure-of-eight loop 
about both kidneys, or unilateral nephrec- 
tomy and constriction of the remaining renal 
artery. The hypertension was allowed to de- 
velop for periods of from 2-6 months, before 
placing the rat on the tetrazolium regime. 


Blood pressures were recorded by the Fried- 
man microphonic method(5) on the tail of — 
lightly etherized rats. ; 

Experimental. In most instances the NT 
was administered for test periods of from 5-10 
days. After 3 days of treatment, the blood 
pressure began to fall and remained at hypo- 
tensive levels as long as the NT was admin- 
istered. On the average, the blood pressure 
was reduced by 90-100 mm Hg, reaching lev- 
els as low as 60-70 mm Hg. The lowest level 
was reached within 3-5 days after the initial 
NT injections and the pressure remained in 
this range for an additional 2-3 days aiter 
terminating treatment. Thereafter, the blood 
pressure rose and within a week had returned 
to its previous high level. In 2 of the rats, 
the blood pressure did not return to its orig- 
inal hypertensive levels for at least a month. 

Fig. 1 is a representative protocol which 
shows the rapid decline in mean blood pres- 
sure after daily administration of 0.5 ml of 
the NT solution to a 4-month hypertensive 
rat. As indicated. a second series of 4 injec- 
tions with 0.25 ml of the NT solution likewise 
had a dramatic antihypertensive action. 


EFFECT OF NEOTETRAZOLIUM (NT) ON 
BLOOD -PRESSURE 
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FIG. 1. Representative protocol of blood pressure 
measurements (indirect) of renal hypertensive rat 
(partial ligation of renal artery). Each point on 
B.P. curve represents avg of 4-5 readings at indi- 
eated interval. (C. F. Wistar strain, female, wt at 
initial operation 140 g, at final reading 210 g.) 


HYporeNSIVE EFFECT OF NEOTETRAZOLIUM 


Although injection of NT, in the amounts 
used, resulted in a moderate loss of weight 
(20-30 g), the animals appeared in good 
health. In addition to the formazan present 
in the ganglia, various other tissues showed 
evidence in coloration. The adrenals were 
lightly colored, with the formazan chiefly in 
the innermost reticularis. The kidney and 
liver had a faint purplish hue, which on his- 
tological examination showed formazan de- 
posits in the parenchymal cells. In the brain 
proper, no reduced NT was evident in section 
including the hypothalamus and vasomotor 
centers. 

A small series of normotensive controls 
(4 rats) were placed on a comparable NT re- 
gime and blood pressure measurements taken. 
The larger dose, 0.5 ml of a 0.5% NT solu- 
tion, dropped the pressure from control levels 
of 110-120 mm Hg to 60-65 mm Hg. The 
smaller dose 0.25 ml of 0.5% NT produced 
only a transient and fleeting drop of 20-30 
mm in blood pressure for 2-3 days when ad- 
ministered for 6 consecutive days. 

Discussion. The mechanism whereby NT 
reduces the blood pressure of hypertensive 
rats is not clear. The fact that NT is irre- 
versibly reduced to formazan in the nervous 
system ganglia suggests a chemical blocking 
action equivalent to temporary ganglionec- 
tomy. It is unlikely that the physical pres- 
ence of formazan per se is responsible for the 
fall in blood pressure since the deposits remain 
in the ganglia almost indefinitely, while the 
blood pressure returns to hypertensive levels 
in about 5, days. The possibility therefore 
remains that with the irreversible reduction 
of NT, enzyme activity is impaired(3,6). 
Black, Zweifach and Speer(7) have shown 
that sodium azide, a metabolic inhibitor, pro- 
duces a lowering of blood pressure in rat and 
man with hypertension. 

Inasmuch as the tetrazolium salts are also 
deposited in the adrenal cortex, particularly 
in the reticularis, following subcutaneous in- 
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jection(1,2), the role of an adrenal pathway 
is likewise to be considered. In view of the 
minor in vive deposition of NT in the kid- 
neys, the possible interference with the elab- 
oration of a renal factor appears unlikely, al- 
though not ruled out. 


Summary. When the tetrazolium salt pp’- 
diphenyl bis 2-3 (3, 5 diphenyl) tetrazolium 
chloride (Neotetrazolium) is injected subcu- 
taneously, it lodges in considerable amount in 
the sympathetic ganglia of the nervous system 
where it is reduced to the insoluble formazan. 
The satellite cells are heavily colored in con- 
trast to ‘the nerve cells. A series of renal hy- 
pertensive rats were given daily subcutaneous 
injections of from 0.25-0.5 ml of a 0.59% solu- 
tion of neotetrazolium (NT) for periods of 
from 5-10 days and the blood pressure re- 
corded by an indirect microphonic method on 
the tail. The NT lowered the blood pressure 
within 2 days after the treatment was initi- 
ated to levels as low as 60-70 mm Hg. Within 
1 week after treatment, the pressure had re- 
turned to control levels. Subsequent injec- 
tions had a comparable hypotensive action. 
It is suggested that NT may reduce the blood 
pressure by impairing the metabolic activity 
of the ganglionic cells, although an indirect 
effect on other organs such as the adrenal 
has not been ruled out. 
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Lack of Effect of Dietary Choline on Cholesterol Absorption in Rat.* (22603) 


E. H. Rice, G. F. HuNGERForD,t AND W. Marx. 


Departments of Biochemistry and Nutrition, and Anatomy, School of Medicine, and the Laboratories 
of the Allan Hancock Foundation, University of Southern California, Los Angeles. 


Two recent reports indicate that dietary 
choline influences plasma cholesterol levels in 
the rat. Weiss e¢ al. found that rats fed a 
diet containing cholesterol and low in lipo- 
tropic factors exhibited plasma cholesterol 
levels markedly lower than animals fed the 
same diet supplemented with choline and ino- 
sitol(1). Ridout e¢ al. reported that dietary 
choline further accentuated the rise in plasma 
cholesterol occurring 2 to 4 hours after choles- 
terol feeding(2). These authors suggested 
that this effect of choline may be due to some 
action on cholesterol absorption or utilization. 

Consideration of these findings has led to 
the working hypothesis that choline may 
stimulate cholesterol absorption, and the ex- 
periments here described were designed to 
test this hypothesis. The results indicate that 
under the conditions reported, choline had no 
significant effect along these lines. 

Methods. A. Direct determination of chol- 
esterol absorption by thoracic lymph collec- 
tion. Male Long-Evans rats, weighing from 
90 to 120 g, were fed synthetic diets deficient 
in,-and supplemented with, choline (Diet A, 
Table I). After a minimum feeding period 
of 3 weeks, thoracic lymph ducts were can- 
nulated by a modification of the technic of 
Bollman et al.(3). The rats were given 
0.85% saline to drink in order to encourage 
lymph flow. After 24 hours, from 3 to 5 mg 
of cholesterol-4-C14+ dissolved in 0.5 to 0.7 
ml of Wesson oil were administered by 
stomach tube to animals exhibiting satisfac- 
tory lymph flow, and lymph was then col- 
lected in graduated centrifuge tubes for one 

* Supported in part by research grant H-1162 from 
the National Heart Institute, National Institutes of 
Health, Public Health Service. 

t Present address: Department of Anatomy, George 
Washington University, Washington, D. C. 

¢ The cholesterol-4-C14 was prepared and purified 
as reported(4); it was homogeneous when analyzed 
by paper chromatography(5) and had a specific 
activity of 1.3 x 10° cpm/mg of C (gas flow coun- 
ter). 


TABLE I. Composition of Diets.* 


Diet A Diet B 
Ingredients (%) (%) 
Casein 10 15 
Sucrose 72 56 
Cottonseed oil 9.5 20 
Celluflour 2 4 
Salt mixturet 5 4.5 
L-Cystine 0.5 0.5 
Inositol 1.0 0.1 
Vitamins t t 


*The supplemented diets contained the follow- 
ing amounts of choline chloride: Diet, A, 1%; 
Diet B, 0.5%. 

+ Wesson modification of Osborne-Mendel salt 
mixture. 

¢ Each kilogram of diet contained following vit- 
amins: 10 mg each of thiamin hydrochloride, ribo- 
flavin, and pyridoxine hydrochloride; 60 mg eal- 
cium pantothenate, 60 mg niacin, 0.1 mg biotin, 
400 mg para-aminobenzoie acid, 10 mg folie acid, 
100 mg ascorbic acid, 5 mg menadione, 4000 US! 
units vit. A, 800 USP units vit. D, and 0.5 g mixed 
tocopherols. Water-soluble vitamins were mixed 
with sucrose, fat-soluble ones with cottonseed oil, 
before being added to the diet. 


or 2 hour intervals over a period of 12 to 24 
hours. Aliquots of the lymph were placed 
directly on tared aluminum counting dishes, 
dried under a heat lamp, and the radioactiv- 
ity measured in a gas flow counter. The re- 
sults were corrected for self-absorption. The 
cholesterol absorption was computed from 
the radioactivity recovered in the lymph at 
the end of twelve hours and expressed as per- 
cent of the radioactivity administered. 

B. Indirect determination of cholesterol 
absorption by analysis of gastro-intestinal 
contents. Male weanling rats of the Univer- 
sity of Southern California strain were fed 
diets deficient in, and supplemented with, 
choline (Diet B, Table I) for a period of 6 
weeks. Following a 24-hour fast, 1.6 mg of 
cholesterol-4-C!4 dissolved in 1 ml of Wes- 
son oil were administered by stomach tube 
to each rat under light ether anesthesia. At 
the same ‘time, the supplemented rats received, 
by the same route, 25 mg of choline chloride 
dissolved in 0.25 ml of water. After a 6 hour 
absorption period, the animals were sacrificed 
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CHOLINE AND CHOLESTEROL ABSORPTION 


TABLE II. Influence of Dietary Choline on Cho- 
lesterol Absorption as Determined Using Rats with 
Lymph Fistulae. 


Radioactivity in lymph 
at 12 hr as % of radio- 


Choline No. of activity administered 
supplementation rats Mean Range 
1% of diet 6 18.4 11.8—25.2 
None 6 26.7 18.7—43.3 


with ether; the livers were removed immedi- 
ately and weighed.’ The gastrointestinal 
tract was excised and divided into stomach, 
upper intestine and lower intestine. The con- 
tents of each of these sections were collected 
separately by rinsing three times with 20 ml 
portions of hot saline. The washed walls of 
the intestine, the liver, and in some cases the 
carcass were also analyzed. Ethanol and po- 
tassium hydroxide were added to each sample 
to a final concentration of 50% (v/v) and 
30% (w/v), respectively. The mixtures were 
heated for 2 hours to complete hydrolysis and 
then extracted 5 times with petroleum ether 
(Skelly B). The combined extracts of each 
sample were evaporated to dryness. The resi- 
dues were dissolved in chloroform containing 
75 mg of Wesson oil per ml of solvent. Du- 
plicate aliquots were placed on tared counting 
dishes provided with lens paper to prevent 
creeping. After evaporation of the solvent, 
radioactivity was determined as above. Cho- 
lesterol absorption was computed by sub- 
tracting the radioactivity of the intestinal 
contents from the administered radioactivity 
and expressed as percent of the administered 
dose. In general, this difference agreed well 
with the sum of the radioactivities recovered 
from the liver, washed walls of the gut, and 


TABLE III. 
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the carcass. 


Results. The results of the first experi- 
ment (lymph collection) are presented in 
Table II. It can be seen that variation among 
individual animals was considerable. The 
values for the 2 groups overlap, and statis- 
tical analysis fails to show a significant effect 
of dietary choline. (P for difference of 
means: between 0.5 and 0.1). It is possible 
that these variations were in part a conse- 
quence of the use of surgery and restraining 
cages, both of which might affect absorption 
by way of the nervous and circulatory sys- 
tems(6). The second experiment was under- 
taken in an attempt to eliminate these two 
possible sources of variability. No surgery 
was performed, and except for the slight 
trauma of intubating the radioactive choles- 
terol, the rats were not disturbed. In addi- 
tion, weanling rats were used, and changes 
were made in the basic diet in order to pro- 
duce a more severe choline deficiency, and, at 
the same time, promote better health and 
growth (Table I). The amount of choline in 
the supplemented diet was reduced, since the 
higher level fed in the first experiment ap- 
peared to cause anorexia. The results of the 
second experiment are given in Table III. 
The rats fed the deficient diet exhibited 
markedly enlarged, fatty livers (mean weight, 
as % of body weight: 6.68; control group: 
3.27). One animal which died on the eighth 
day of the preliminary feeding period showed 
hemorrhagic kidneys. Both of these symp- 
toms are typical of severe choline deficiency. 
As in the first experiment, cholesterol absorp- 
tion was highly variable, and a statistical 
analysis of the values obtained indicates that 


Influence of Dietary Choline on Cholesterol Absorption as Determined from 


Radioactivity of Gastrointestinal Contents of Rats Fed Cholesterol-4-C™. 


Mean radioactivity recovered at 6 hr as % of radioactivity 


administered* 
Choline No. of Washed 
supplementation rats GI contents intestinal wall Liver Careass 
5% of diet 9 45.4 (29.2-62.4) 45.9 (36.1-53.4) 5.6 ( .2-10.4) 2h (G04) 
None 9 51.0 (32.2-79.8) 39.6 (21.4-57.4) 4.9 (1.4- 9.5) Ot (.0-.0) 


* Ranges are given in parentheses. 


+t Two animals only. 


§ Since, in the first experiment, most of the ab- 
sorbed cholesterol did not reach the blood stream, 
and as, in the second experiment, the quantities of 


sterol administered and ingested with the diet were 
too low to significantly influence plasma cholesterol 
levels, the latter values were not determined. 
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there is no. significant difference between the 
2 groups of animals. (P for difference of 
means: between 0.4 and 0.5). It was con- 
cluded that, under the conditions of these 
experiments, choline had no significant effect 
on the intestinal absorption of cholesterol. 
These results appear to parallel findings of 
Tasker(7) and of Shoshkes e¢ al.(8), who ob- 
served that choline did not influence the ab- 
sorption of olive oil, and corn oil respectively, 
using technics similar to those reported in 
this paper. 

Summary. The effect of dietary choline on 
the intestinal absorption of cholesterol was 
studied by 2 different technics. The results 
indicate that under the conditions ,of these 
experiments, choline did not influence choles- 
terol absorption. 
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Effect of Exposure to a Cold Environment on Labeling of Phospholipide 


in Rat Liver Slices.* 


(22604) 


DorotHy Kiing,t CATHERINE McPHErson, E. T. PritcHarp, AND R. J. ROSSITER. 


Department of Biochemistry, University of Western Ontario, London, Canada. 


If rat liver slices are allowed to respire in 
a suitably buffered medium containing ace- 
tate-1-C™, the labeled carbon atom of the 
acetate is incorporated into the acetone-insol- 
uble lipide, chiefly phospholipide(1,2). Re- 
cently Kline, DeLuca and Rossiter(3) re- 
ported that the labeling of the phospholipide 
of rat liver slices was decreased if the animal 
was exposed to a cold environment for either 
short (3 hr. at —5°C) or longer (12 days at 
4-5°C) periods of time prior to killing. 

In the present paper the effect of cold ex- 
posure on the subsequent labeling of the ace- 
tone-insoluble lipide of rat liver slices is de- 
scribed for a number of radioactive pre- 
cursors. Inorganic P*?, acetate-1-Cl4, gly- 
cerol-1-C™ and glycine-2-C™ were chosen for 
comparison, for it has been shown that each 
of these precursors labels a different portion 


* Supported by a grant from the Defence Research 
Board of Canada. 

+ Present address, Department of Biochemistry, 
University of Saskatchewan, Saskatoon. 


of the phosphoglyceride molecule(4). 

Methods. Male rats of the Sprague-Daw- 
ley strain (150-200 g) were maintained in an 
air-conditioned room at 22°C. In one series 
of experiments, groups of rats were trans- 
ferred to a cold room maintained at 4-5°C 
for the 12 days preceding the experiment. In 
other experiments, groups of rats were trans- 
ferred to a cold room maintained at —5°C 
for the 3 hours immediately prior to killing. 
In each experiment, groups of control animals 
maintained at 22°C were studied at the same 
time. All animals were fed ad libitum Master 
Fox Cubes (Toronto Elevators, Ltd.), con- 
taining approximately 53% carbohydrate, 
3.5% fat and 20% protein. 

Each animal was killed by decapitation. 
The liver was perfused rapidly im situ with 
cold (2-5°C) isotonic saline. Slices were 
prepared free-hand and approximately 500 
mg sliced tissue was incubated for 4 hours at 
37.5°C in a Warburg vessel containing Krebs- 
Ringer bicarbonate buffer. For the C™ ex- 
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TABLE I. Effect of Exposure to a Cold Environment (12 Days at 4-5°C) on Subsequent Label- 
ing of Acetone-Insoluble Lipides (Phospholipide) of Rat Liver Slices. 


Specific activity 


(e.p.m./mg lipide) Decrease 
Exp. No. Precursor Control (22°C) Cold (4-5°C) (%) 18 
1. Acetate l-C* 5190 +560* 9104120 82 <.001 
(4)t (6) 
2. Inorganic P® 150¢— 140{+ 9 7 >.) 


(7) 


(6) 


* Mean + stand. error of mean. 


periments 3 umoles labeled substrate contain- 
ing 1.3 yc radioactivity was added to the 
medium. For the P*? experiments 24 yc car- 
rier-free inorganic P?? was added. At the end 
of the incubation period ‘the tissue was homo- 
genized and the lipides extracted. The phos- 
pholipides were precipitated and the radioac- 
tivity determined as described by Kline and 
DeLuca(2) for the C1! experiments and as 
described by Strickland(5) for the P*? experi- 
ments. Details of the preparation of the tis- 
sue, incubation, extraction and purification of 
the phospholipide, and counting procedures 
have been published (2). 

Results. Table I shows that exposing rats 
to an environmental temperature of 4-5°C 
for 12 days caused a great reduction in the 
labeling of the acetone-insoluble lipide when 
acetate-1-C™ was the precursor, thus confirm- 
ing previous findings(3). Table I also shows 
that a similar cold exposure had no significant 
effect on the labeling of phospholipide from 
inorganic P??, When the rats were exposed 
to —5°C for the 3 hours immediately preced- 
ing the experiment, there was a decrease in 
the labeling of the acetone-insoluble lipide 


t No. of animals. 


t Counts/min./pg 125 


from acetate-1-C™, again confirming previous 
findings (Table II) (3). However, when the 
radioactivity was derived from glycerol-1- 
C™, glycine-2-C14, (Exp. 3) or inorganic P®? 
(Exp. 4), there was no such significant de- 
crease. 

Discussion. The results indicate that pre- 
vious exposure of rats to a cold environment 
causes a decrease in the subsequent labeling 
of the acetone-insoluble lipide of liver slices 
when acetate-1-C™ is the source of the radio- 
activity, but no significant change when the 
radioactivity is derived from glycerol-1-C™, 
glycine-2-C™ or inorganic P*. 

Pihl and Bloch(1) showed that the fatty 
acid portion of the acetone-insoluble lipide 
was labeled when acetate-1-C'* was the pre- 
cursor. Hydrolysis of the phospholipide of 
rat liver slices has confirmed this finding and 
has also shown that, with this precursor, the 
glycerol and the nitrogen-containing moieties 
of the phosphoglyceride molecule are not la- 
beled to any significant extent(4). On the 
other hand, hydrolysis experiments, using the 
chromatographic procedures of Dawson(6), 
have shown that glycerol-1-C' labels the 


TABLE IT. Effect of Exposure to a Cold Environment (3 Hr at —5°C) on Subsequent Labeling 
of Acetone-Insoluble Lipides (Phospholipides) of Rat Liver Slices. 


Specific activity 


(e.p.m./mg lipide) Decrease 
Exp. No. Precursor Control (22°C) Cold (-5°C) (%) a= 
3. Acetate-1-C 3130 + 380* 1610 + 350 49 <.02 
(6)t (6) 
Glycerol-1-C* 1310 + 130 1240 + 160 5 Sh 
(6) (6) 
Glycine-2-C™ 1910 + 120 1830 + 60 4 Sp) 
(6) (6) 
4, Inorganic P® 140$+ 120+ 4 tf >.05 
(6) (6) 


* Mean + stand. error of mean. 


+ No. of animals. 


¢ Counts/min./ug P. 
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glycerol portion of the phosphoglyceride 
molecule, but neither the base nor the fatty 
acid(4). Moreover, glycine-2-C™ labels the 
base (particularly the serine of phosphatidyl 
serine and the ethanolamine of phosphatidyl 
ethanolamine), but does not label to any sig- 
nificant degree the glycerol or the fatty acid 
portion of the molecule(4). It would thus 
appear that previous exposures of rats to a 
cold environment causes a decrease in the 
subsequent turnover of the fatty acid portion 
of the phospholipide in respiring liver slices, 
with no change in the turnover of other por- 
tions of the molecule. The finding that, with 
acetate-1-C™ as precursor, cold exposure 
causes a decrease in the labeling of the fatty 
acid portion of the phospholipides of rat liver 
slices, taken in conjunction with the report of 
Masoro, Cohen and Panagos(7) that under 
similar conditions there is a decrease in the 
labeling of the total fatty acid, might suggest 
that after cold exposure there is some decrease 
in the ability of the liver slice to metabolize 
acetate. However, the observations that cold 
exposure causes no significant decrease in- the 
incorporation of labeled acetate into choles- 
terol(3,7), or in the oxidation of labeled ace- 
tate to COs(7) indicates that any change in 
acetate metabolism must be subsequent to its 
activation to form acetyl-CoA. 


6-MP anp Tumor METABOLISM 


Summary. In rat liver slices respiring in a 
buffered medium containing suitable radioac- 
tive precursors, the acetone-insoluble lipide 
(phospholipide) is labeled metabolically. Ex- 
posure of the animals to an environmental 
temperature of 4-5°C for the 12 days prior 
to the experiment caused a decrease in the 
subsequent labeling of the phospholipide from 
acetate-1-C™, but no significant change when 
inorganic P®* was the source of the radio- 
activity. Exposure of the rats to —5°C for 
the 3 hours immediately prior to the experi- 
ment caused a decrease in the labeling of the 
phospholipide when the radioactivity was de- 
rived from acetate-1-C™, but no change when 
it was derived from glycerol-1-C™, glycine- 
2-C* or inorganic P*?. 
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Effects of 6-Mercaptopurine on Respiration, Anaerobic Glycolysis and 
Succino-Dehydrogenase Activity in Normal and Tumor Tissues.* 
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It has been reported that 6-mercaptopurine 
(6-MP) produces a characteristically pro- 
longed inhibition of the Crocker mouse Sar- 
coma 180 (S-180). Immediately after treat- 
ment with effective doses the majority of tu- 
mors fail to “take” when reinoculated into 


* This investigation was supported in part by re- 
search grants, C-415 and C-2026, from the National 


Cancer Institute of the National Institutes of Health, 
U. S. Public Health Service and in part by an insti- 
tutional research grant from the American Cancer 
Society. The authors are indebted to Dr. G. H. 
Hitchings, the Wellcome Research Laboratories, 
Tuckahoe. N. Y., for generous supplies of 6-mercapto- 
purine. 

t Visiting Research Fellow under a Sloan Stipend 
for Advanced Study. 
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normal mice. Moreover, the survival of 
treated mice is extended and in a significant 
number tumors disappear completely. In the 
latter animals the loss of tumors begins as a 
resorptive process one to 3 weeks after the 
end of therapy and is completed within an- 
other one to 2 weeks(1). Characteristic cy- 
tological changes are also seen in treated S- 
180. There is a predominance of giant, mul- 
tinuclear cells with both nuclear and cyto- 
plasmic vacuolization. Some of the aberrant 
cells show irregular, stellate cytoplasmic 
processes and contain peripherally located, 
basophilic nuclei. These cytological altera- 
tions appear to persist until resorption is com- 
plete or growth is resumed. 

In spite of the cellular lesion produced by 
6-MP, treated S-180 is free of necrosis and is 
viable by all accepted pathologic criteria. 
The evidence suggests that the lesion is as- 
sociated with a persistent metabolic altera- 
tion which does not immediately lead to cell- 
death. To examine this possibility more 
critically we undertook a study of the respira- 
tion, anaerobic glycolysis, and succino-dehy- 
drogenase activity of S-180 and of certain 
normal tissues of treated mice. 


Methods. Mice with S-180 were treated 
with growth inhibitory doses of 6-MP as pre- 
viously described(1). Tumors, livers and 
kidneys were studied 12 hours after the end 
of treatment. The animals were sacrificed by 
cervical dislocation and the tissues were 
placed in iced, buffered Krebs-Ringer solu- 
tion(2). Slices were prepared free-hand by 
razor and were introduced into Warburg 
flasks; they were thin enough so that respira- 
tion was not limited by oxygen diffusion. The 
dry weight of tissue in each flask was about 
16 mg in the respiration experiments and 
about § mg in the anaerobic glycolysis ex- 
periments. The fluid volume was 3.0 ml in 
the respiration experiments: 0.2 ml KOH 
20% in the central well and 2.8 ml Ringer- 
phosphate buffer, pH 7.0, in the main well. 
In the anaerobic glycolysis experiments 2.0 
ml of Ringer-bicarbonate buffer with 0.2% 
glucose (pH 7.1) were used in the main well. 
In a few experiments neutralized horse serum 
was used which was prepared as follows: 20 
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ml of serum were added to 3 ml ot HCl, 0.109 
N. Evacuation of COs from the acidified 
serum resulted in a pH of 7.4. Thereafter 2 
ml of M/15 phosphate buffer, pH 7.4, were 
added. The gases used, Oo and Ns-CO. mix- 
ture, were flushed through flasks for 10 min- 
utes. The No-CO. mixture was _ passed 
through glowing copper wool before introduc- 
ing into flasks. Equilibration time was 20 
minutes, and readings were made every 10 
minutes for 90 minutes following the end of 
equilibration. Since the values obtained in 
each reading were uniform throughout the 
experimental period, Q Oz and Q his were Cal- 
culated on the basis of the total gas displace- 
ment. Measurements of succino-dehydrogen- 
ase activity were performed on tissue homoge- 
nates according to the Schneider-Potter tech- 
nic(3). 

Results. The effects of 6-MP on respira- 
tion of S-180 and of liver and kidney were 
first studied in mice treated intraperitoneally 
with 50 mg/kg/day for 7 days beginning one 
day after tumor transplantation. In a few 
instances the respiration of liver and kidney 
was also measured in normal animals receiv- 
ing similar doses of the agent. The results 
presented in Table I show that treatment 
decreased the QO. of tumor tissue to about 
45% of control values though it did not sig- 
nificantly alter QO. values of liver and kid- 
ney. An analysis of variance revealed that 
the difference in respiration of S-180 due to 
treatment was significant beyond the 1% 
level of probability (F = 39.11; p. 0.01 = 
11.26). Although control values varied on 
different days for unexplained reasons no sig- 
nificant difference was found among experi- 
ments (& ==1.1's p. 0105 = 3.44). 

The same order of inhibition of the respira- 
tion of S-180 after treatment with 6-MP 
was observed in manometric experiments dur- 
ing which neutralized horse serum (pH 7.4) 
was used as a medium in place of buffered 
Ringer solution (mean values, each of 6 tests: 
QO. = 7.01 + 0.54 for untreated S-180; 
QOs = 3.26 + 0.80 for treated S-180). 

A few experiments were undertaken in 
which treatment with the 7 50 mg/kg/day 
doses of 6-MP was not initiated until the 
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TABLE TL Respiration of Sarcoma 180 (S180), Liver and Kidney (Slices), 


oa Animals bearing tuno——$—$—$$< 


Animals not bearing tumoem, 


Sarcoma 180 Liver Kidney Liver Kidney 
U dh U v U 7 U uh U ps 
= - ee ee | 
69 8.0 — _ ~ — — —_ 
66 35 -- - — — — — — — 
OS 2.9 = _ _ — — — —" = 
TS 29 a -- — —: — — ~- 
69 a _ _ — — — — 
64 16 _ — — — —— _ _ 
*3.0 NW) _ nos a — — —_— _ 
ok ee = is oa ae es = 
60 13 gr 7.8 _ _ _ _ — _ 
59 814 8.6 o _ — — _ — — 
= — 9.6 119 - 10,9 ih ew | _— 
. Ot Lid -- _- 128 Wa = a 
—_— ~ 11.2 10,7 os WS 9.9 _ _ 
— - 127 LAT _ LO 7 — —_ 
3s aa _ —_ 18.2 23.0 _ _ — 
4.0 3.2 ~- ~ 23.3 18s ~- ae 
82 wT — — 265 208 — — _ 
28 18 _ — 19.7 7 — — — — 
- oa _ -- 20.7 20.8 — IST 20.0 
- — - — 25.4 21.1 -_ 20.4 20.8 
- — ~- 23.7 22.1 = 25.5 21.9 
— — 22.8 29,0 — — 21.7 389 
thd LT _ _ _ _ 
+46 1.0 _ — — — — 
165 19 _— — - — — — _ — 
QO 2a — — i 
T = Treated with 6-ALP: 50 mg/kg/day for T days, U = Controls, 


Values indicate Q, consumption; mm/mg dry wh hr, 

* During these experiments anaerobic glycolysis was also measured (Table Id). 

t During these experiments suceinodehydrogenase activity was determined (Table IID). 
Analysis of variance of tumor data gave the following results: between treated and un- 


treated F = 23.6; 

fourth day after implantation of the tumor. 
In these mice there was a reduction in the 
QOxg of S-180 of the same magnitude as that 
described above (mean values of each of 6 
tests: QO, = 5.49 + 1.52 for untreated tu- 
mor; QOy = 2.89 + 1.17 for treated tumor). 
By contrast treatment with a few large doses 
of 6-MP for a shorter period (250 mg/kg/day 
for 3 days starting on the 5th day after im- 
plantation) did not result in significant re- 
duction in the respiration of S-180, 

Values for the anaerobic glycolysis of tu- 
mor, liver, and kidney from treated mice are 
presented in Table I, The QA, values of 
the treated tumors are about 359% of the 
control values whereas those of liver and 
kidney appear to have been unaltered by 
treatment, In a few experiments anaerobic 


G8; between experiments P< 1.0, 


glycolysis was determined with horse serum 
(pH 7.5) as the medium and the result ob- 
tained was similar to the findings in Ringer- 
bicarbonate (mean values, each of 6 tests, 
not corrected for CQ, retention: untreated 
tumor, QA. = 11.25 = 231; treated tu- 
mors, QN. = 4.52 = 1.22). 

From the above results it is evident that 6- 
MP induces a significant metabolic depression 
in S-180.. It became of interest to determine 
whether this effect was due to a generalized 
lowering of all steps in cellular metabolism or 
whether it could result from a relatively spe- 
cific biechemical lesion. For an initial sur- 
vey of these possibilities the succinic dehydro- 
genase activities of S-180 and of liver were 
compared in treated and control mice. From 
Table IIT it appears that the succinic dehy- 
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TABLE Il. Anaerobic Glycolysis of Sarcoma 180 (S-180), Liver and Kidney (Slices). 


Animals not bearing tumor— 


U 


Liver 


fk 


U 


Kidney 
T 


¥ 14.9 
13.2 

20,9 

18.5 

19.9 

16.1 

14.6 

15.5 

*27.0 


*24,.8 


19.3 
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to 


T = Treated with 6-MP: 50 mg/kg/day for 7 days. U = Controls. 
Values indicate CO, production: mm®/mg dry wt/hr. 
* During this experiment respiration was also measured (Table I). 


drogenase activity of S-180 is relatively small. 
It can also be observed that the treated S-180 
had a lower enzymatic activity than the con- 
trols; but this difference was small and barely 
significant at the 5% level (F = 5.37; 
p. 0.05 = 5.32). No significant difference 
was found between the activity of treated and 


TABLE IIT. Suecino-Dehydrogenase Activity of 
Sarcoma 180. Homogenates. 
een 


Untreated S-180 Treated S-180 


12 1,2 1.6 1.5 
2.0 1.9 1.9 3 iy 
1.8 Leh 1.6 4-5 
2.0 1.8 1.5 ve 
1.9 1.8 HG 1.7 
1.6 1.6 1.4 is 
RLS 1.6 eo 1.3 
E16: 1.8 LY 1.5 
*EG 19 1.6 Lou 

F— 5.37 

Treatment with 6-Mereaptopurine: 50 mg/kg/ 


day for 7 days. 

Values indieate O, consumption: 
mogenate/hr. 

* During these experiments respiration of slices 
of the same tumor was also measured (Table I). 


mm*/mg ho- 


untreated liver (mean values, each of 5 tests: 
17.68 == 2.03 for untreated; 20.05 =: 3.27 
for treated). 

Discussion. The above findings have re- 
vealed ‘that the respiration and anaerobic gly- 
colysis of S-180 is reduced by treatment in 
vive with 6-MP. This metabolic change gains 
significance when considered in relation to the 
cytological alteration and inhibition of growth 
produced by the same treatment. It may be 
asked whether the observed disturbances in 
metabolism are the more primary effects of 
6-MP that in turn result in retarded growth 
and altered cellular morphology. To gain fur- 
ther insight into this would require detailed 
study of various enzyme systems. Such an 
analysis might consider a previous suggestion 
that 6-MP or a ribosyl derivative might pos- 
sibly become incorporated into coenzyme-like 
molecules in lieu of natural purines(5). The 
“fraudulent”? coenzymes so formed could act 
as inhibitors of metabolism. This possibility 
is in keeping with recent experiments in which 
coenzyme A has been shown to antagonize 
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the inhibitory effeot of 6-MP in tissue cultures 
of S-180 and of embryo skin(4). It has also 
been found that the agent inhibits the acety- 
lation of sulfonamide in rat liver homogenates 
(6). 

Summary and conclusions, Chronic treat- 
ment with tolerated doses of 6-mercaptopur- 
ine causes a reduction of 50% or more in the 
respiration and anaerobic glycolysis of Sar- 
coma 180 while it does not impair the meta- 
bolic functions in liver and kidney. Succinic 
dehydrogenase activity of Sarcoma 180 is also 
impaired by treatment with 6-mercaptopurine, 
but this effect does not seem to be great 
enough te account fully for the observed re- 
duction in respiration, 
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Spies ef @/.(1) demonstrated that thymine 
given orally in large doses has anti-anemic 
properties for pernicious anemia patients com- 
parable to folic acid. Vilter e¢ @/.(2) have 
noted similar results with uracil. Thymine is 
capable of replacing folic acid in the growth 
of a folic acid “dependent” strain, Lectobdaci- 
lus lactis, if vit. Byy is provided(3). Thy- 
midine has been shown ‘to be effective in re- 
placing vit. Byy in the growth of a number of 
strains of Lactobacilli under conditions in 
which vit. By is ordinarily required(4,5). 
Thymidine also exerts a marked sparing ac- 
tion on the requirement for folinic acid of 
Leuconestec citrovorum(3). These results 
have been taken as evidence that vit. By is 
involved in the linkage of desoxyribose with 
thymine to produce thymidine. Folic acid 
participates in the transfer of single-carbon 
units such as the steps leading to the methyla- 


* Major, M. C., United States Army, Tropical Re- 
search Medical Laboratory, San Juan, P. R. 

t+ Bayamon District Hospital, Bayamon, Puerto 
Rico, 


tion of uracil to produce thymine. 

Since folic acid and vit. By are equally 
efficacious in the treatment of tropical sprue it 
seemed of interest to determine the effect of 
thymidine in the treatment of the megalo- 
blastic anemia of this disease. If there is a 
block only in the chemical pathways leading 
to the formation of thymidine, the adminis- 
tration of this end product should correct the 
defect. To our knowledge there have been 
no published reports on the use of thymidine 
in sprue. It has been tried in only small 
amounts (5 mg) in thé treatment of perni- 
cious anemia(6). 


TABLE I. Effect of Thymidine on Megaloblastie 
Anemia of Tropical Sprue. 


Dose Total dose Retieulo- 
Patient (mg) Route (mg) eytosis 
1 50 IM. 50 None 
2 50 ig 50 a 
3 100 = 100 big 
+ 200 LBS 200 e 
5 100 IM. 600 <i 
6 100 = 1400 = 
7 250 2500 = 


THYMIDINE IN TROPICAL SPRUE 


 WEMOGLOBIN GMS 
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% SILAIOINIILIY 


oe FOLIC ACID, 5mg-------- 
ORAL 


FIG. 1. Serial hemoglobin and reticulocyte values in the patient who received 2500 mg of thy- 
midine parenterally. A reticulocytosis occurred with small amounts of folie acid given orally, 
but not with thymidine. 


Material and methods. Seven patients with 
tropical sprue were studied. All gave a his- 
tory of diarrhea, weakness, and weight loss. 
All had glossitis, malabsorption, marked 
anemia, and megaloblastic bone marrow. 
Aqueous solutions of thymidine were steri- 
lized by autoclaving. Bacteriological assay 
with L. leichmannii aiter sterilization con- 
firmed potency. Paper chromatography after 
sterilization gave a single spot with an Ri 
value identical with a non-autoclaved sample 
of the same material. All doses were given 
by intramuscular injection, except one which 
was given intravenously. When multiple 
dosage was used, injections were given daily 
or on alternate days. Patients were observed 
clinically and were iollowed with frequent 
reticulocyte. counts, and hemoglobin deter- 
minations for 2 week periods. 


Results. The results are summarized in 
Table I and Fig. 1. During the observation 
period none of the patients showed subjective 
or objective evidence of improvement. Sub- 
sequent administration of folic acid in all pa- 
tients led to a reticulocytosis and rapid clini- 
cal improvement. Vitamin By,» is consid- 
ered to be 10,000 to 30,000 times as effective 
in promoting growth of Lactobacilli as thymi- 
dine(7). Thus one microgram of Vit. By> 
is equivalent to 10 to 30 mg of Thymidine. 


The first 4 patients possibly did not receive a 
sufficient dose to expect a reticulocytosis. 
The latter 3, however, received the equivalent 
of at least 20, 47 and 80 pg of Vit. Bis by 
the above criteria, and should have been ex- 
pected to develop reticulocytosis of thymidine 
deficit were the sole metabolic defect. 

Summary. Injections of a potent prepara- 
tion of Thymidine in doses equivalent to at 
least 20, 47, and 80 yg of Vit. By were with- 
out effect in producing hematologic improve- 
ment in patients with tropical sprue in re- 
lapse. 


The thymidine used in this 
from Nutritional Biochemicals 


study was purchased 
Corporation. 
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Concentration of Dilute Virus Suspensions by Alum Flocculation. 
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Most chemical and physical methods for 
virus concentration and/or purification have 
been developed for treatment of potent rather 
than weak virus suspensions. Melnick’s(1) 
procedures for detection of poliomyelitis and 
Coxsackie viruses in sewage are expensive and 
complicated. In this laboratory, treatment 
by Kelly’s(2) ion-exchange resin absorption 
technic of waters lightly contaminated with 
Coxsackie virus failed to yield virus. 

A better solution to the problem of concen- 
trating dilute virus suspensions was suggested 
by an observation that the floc complex 
formed in the aluminum sulfate flocculation 
of artificially contaminated water contained 
in excess of 99% of added Coxsackie virus 
and that significant amounts of virus could 
be recovered from the floc. This observation 
confirmed the findings of Chang, e¢ al.(3), 
who recovered bacterial virus from the floc 
complex. 

Aluminum hydroxide, either as a preformed 
gel or as a coprecipitate, has been used for 
adsorption of various toxins, bacteria and 
viruses. Schaeffer and Brebner(4) and Sabin 


(5) used aluminum hydroxide gel for adsorp- 


tion of poliomyelitis virus from tissue suspen- 
sions and they determined pH optima for ad- 
sorption and elution. Although no quantita- 
tive results were reported in their papers, our 
experience with preformed floc or aluminum 
hydroxide gel indicates that recovery by this 
method is not high. 

This communication reports a sensitive and 
effective, yet convenient and inexpensive 
method for concentration of Coxsackie virus 
from dilute suspensions. 

Materials and methods. Virus. Group A, 
type 2 Coxsackie virus of the 16th or 17th 
mouse passage was used as the source of virus. 
A 20% suspension of infected muscle, centri- 
fuged at 2,000 rpm for 30 minutes to remove 
large tissue particles, served as stock virus and 
was diluted in 1% peptone (Difco) for use. 


The stocks titered 1 X 10®LD;0/0.02 ml 
and 0.89 X 10°LD;0/0.02 ml. These values 
were determined from titrations with at least 
200 mice for each assay. 

To serve as an additional check on virus 
titers, a dilution tube containing an estimated 
1.0 or 0.5 LD; 9 was used for animal inocula- 
tion and for preparation of successive dilu- 
tions. Thus, each series of dilutions employed 
in seeding the experimental mixtures was rep- 
resented by a measurable control. Since the 
theoretical dosage in the initial mixture before 
flocculation could not be measured except by 
inoculation of 100 or more mice, yields of 
virus were then compared to the measurable 
control titer in order to estimate percentage 
recovery. 

Reagents and Glassware Cleaning Pro- 
cedures. 1. All glassware which came into 
contact with virus was soaked overnight in a 
solution of Hemo-Sol (Meinicke Co., N.Y.) 
in order to remove its virus adsorbing ca- 
pacity [Chang(3)], rinsed 5 times in cold 
tap water, and once in distilled water before 
sterilization. 2. The initial pH of the floc- 
culation mixtures (pH 6.2-6.5) was controlled 
by the ratio of NaHCOs, to Als(SOxs)3 ° 
18H,O and was adjusted by means of pH de- 
terminations on virus-free controls. 3. Re- 
agents: NaHCOs, 0.1 M; Als(SO,4)3 * 18HsO, 
1% solution; Tryptose Broth (Difco), 2% 
solution; SiO, (Activated Silica, 200 mesh, 
Davison Chemical Corp.), 1% suspension. 
Reagents were sterilized by autoclaving at 
15 lb for 15 minutes except solutions contain- 
ing sodium bicarbonate. The latter were steri- 
lized by filtration through an 0-3 Selas filter. 
NaHCoOs, 0.1 M; NaeCOs, 0.1 M; and HCl, 
0.1 N were used to formulate the buffers used 
for recovery of virus from the floc. The pH 
values of the solutions were checked with a 
glass electrode pH meter both before and 
after filtration. 


Flocculation procedures. Into a 600 ml 


— 
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. beaker, 370.8 ml of sterile distilled water, 0.4 


ml of SiOs suspension, 10 ml of tryptose 
broth, 10 ml of NaHCOs, and 1.0 ml of di- 
luted virus were added in order. A sterile 
glass paddle-type stirrer was then placed in- 
side the beaker, the assembly connected to a 
stirring apparatus and after stirring at 81 
rpm for 2 minutes, 7.8 ml of Als(SO,)3 ° 
18H:O (7.8 ml for 100 parts per million) was 
added, and stirring resumed. Floc formation 
started within one or 2 minutes and continued 
with progressive increase in particle size. 
After 30 minutes of stirring, the stirring rod 
was removed from the beaker and the floc 
allowed to settle for 60 to 90 minutes. Speed 
of stirring proved to be critical. Higher 
speeds tended to break up floc particles and 
made settling very slow. After settling oc- 
curred, the supernatant fluid was drawn off 
by means of suction, care being taken not to 
disturb the floc. The floc was then trans- 
ferred to a 10 ml mixing cylinder* adapted 
to a 100 ml centrifuge shield and centrifuged 
at 1,500 rpm for 5 minutes, to pack the floc. 
After the removal of the supernatant fluid, 
the floc was resuspended in a buffer of appro- 
priate pH to a volume of 10 ml. 


After standing 1 to 3 hours at room tem- 
perature with intermittent agitation, the floc 
was again centrifuged at 1,500 rpm for 5 min- 
utes and the supernate collected and used for 
animal inoculation.t One to 3-day-old suck- 
ling mice were inoculated subcutaneously 
with sample material in 0.02 ml quantities 
and were observed for signs of Coxsackie 
virus infection for at least 10 days. Meth- 
ods employing ion-exchange resin were those 
described by Kelly(2) and were included for 
a comparison of the two methods. 

Results. Using the same virus inoculum, 
the ion-exchange method was compared to the 
flocculation method, using 60, 80, and 100 


* Kontes Glass Co., Vineland, N. J. 

+ Volume relationships in the procedure outlined re- 
sulted in a 40 fold concentration and were selected for 
convenience. Other volumes may be selected so that 
concentrations of 100 fold or greater may be ob- 
tained. For practical use, however, concentrations 
of greater than 200 fold are difficult because of the 
floc volume and the molarity of the buffer. 


TABLE I. Comparison of Alum Floeeculation and 
Jon-Exchange Resin Concentration. 

Temp., 26-28°C; pH of water after flocculation, 

6.3; pH of buffer used for separation, 8.0; esti- 

mated initial virus dosage, .025 LD.=)/.02 ml; _ esti- 

mated final virus dosage, 1.0 LD /.02 ml (40 X 


cone. ). 
Cone. of Floe redis- Mice, 
aluminum persing infected % mor- 

Exp. sulfate, ppm time, hr — /total tality 
1 60 ie 21/43 48.8 
3 13/38 34,2 

80 1 26/54 48.1 

3 8/22 36.3 

100 1 28/53 52.8 

3 13/28 46.4 


Control at esti- 13/20 65.0 
mated 1 LD, 
per .02 ml 


2 60 iL 5/14 35.7 
3 3/17 17.6 

80 1 7/40 17.5 

3 11/40 27.5 

100 1 7/33 21.2 

3 17/45 37.7 

Jon-exchange- 2/33 6.1 


resin method 
(40 X cone.) 
Control at esti- 
mated 1 LD; 
per .02 ml 


20/46 43.5 


ppm and one and 3 hour redispersing times in 
the latter. The flocculation method resulted 
in higher recoveries of virus in all combina- 
tions tested (Table I). 

The flocculation results in Table I were ex- 
amined by a series of statistical significance 
tests. Since Exp. 2 showed lower percent 
mortality than Exp. 1, the data for these 2 
tests were handled separately, except in one 
case described below. 

In all cases the following chi-square (x7) 
test was applied: 


ae) 
a pie A ani 
yey — 
p (lp) 


with degrees of freedom equal to one less than 
the number of percentages compared, where 
x, denotes the number of mice killed out of n; 
inoculated, and p = 3x,/3n; denotes the aver- 
age proportion response over the conditions 
being compared. [See Cochran(6)].  Re- 
sponses were compared under each of the 
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TABLE Tt, Hect of pH of Ploe-Redispersing 
Mluid on Recovery of Coxsackie Virus from Water 
Concentrated 40 Times by Alum Floceulation 
Method, 
Temp, 26-28°C; pl ef water after foeculation, 
G8; dosage of aluminum sulfate, 10Q ppmy esti- 
mated initial dese of virus in water, 026 LD »/.02 
ml; estimated amount of virus after redispersing, 
1.0 LDo/.02 ml, 


Redispers- Mice, 
pl of redis ing time, inteeted % 
persing faid® hr total mortality 
ris) 1 vee 91 
8 1/20 5.0 
To l 12/84 85.38 
8 9/34 26.4 
8 1 L2B/8T 824 
8 (4/7) t 
So if 12/87 32.4 
8 8/23 347 
Control made with- 18/52yt 28.8 
eut aham at an es 12/474 25.5 


timated dose of 
8 LD e/.02 ml 


* Bicarbonate buffer was used for pH T.5 and 
carbonate buffer was used for the 3 higher pH 
Vales, 

t No, of mive used was too small beearse ef can- 
nibation in 3 cages, 

t Control made after t hr standing, 


ss s , oe 
Ny 8 


following sets of conditions for each test 
number: 1, Different concentrations of alum 
within each redispersing time. 2. Redispers- 
ing times, averaging percent mortality over 
the 3 alum concentrations, 3, Alum concen- 
trations, averaging over the 2  redispersing 
times. 4. All experimental conditions com- 
bined vs, control. 

Finally, for the 3-hour redispersing time, 
average response after 60 and SO ppm alum 
flocculation in both experiments was com- 
pared with the average response after 100 
ppm alum, 

The only clearly significant results were 
those comparing the over-all experimental av- 
erages with the controls. There was some in- 
dication, though not statistically significant, 
that 100 ppm alum gave somewhat better per- 
cent recovery of potency (mortality) than the 
other 2 concentrations. Therefore, the I-hour 
redispersing time and 100 ppm alum were 
chosen for future experiments on a practical 
basis, On the average, sufficient virus was re- 
covered to achieve about 70% of the potency 
(mortality) exhibited by the control. 
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Table IT presents the results of an experi- 
ment designed to select the optimum pH for 
recovery of virus from flocs formed with 100 
ppm of aluminum sulfate. NaHCO ;-HCl 
buifer at pH 7.5 was clearly not effective in 
separating virus. Analysis of the data on the 
remaining buffers by the chi-square test re- 
vealed no significant variation among per- 
centage responses after separation at pH val- 
ues of 7.0, 8.5, or 8.9 with 1-hour or 3-hour 
redispersing times. On the average, percent- 
age mortality among mice inoculated with 
virus recovered from flocculation was 18% 
higher than that shown by the control ma- 
terial which had an estimated dosage of only 
0.5 LDso per 0.02 ml, 


A precise estimation of percentage virus 
recovery cannot be given for these results 
unless a dosage-mortality curve is invoked, 
since percentage mortality is not always di- 
rectly proportional to dilutions used. Tt may 
be stated, however, that a potency in excess 
of 0.5 LDso but less than the theoretical 1 
LDso was recovered. This indicates, on a vol- 
ume basis, that greater than 50% of potency 
was recovered. 


The results of additional experimentation 
with the ion-exchange method are presented 
in Table ITT. Since the volume of resin re- 
quired by this method is so large that it is 
difficult to collect the final supernate without 
contaminating it with resin, the concentration 
was reduced to 20 times so that twice the 
amount of supernate would be available. In 
these replicates the virus dosage in the beak- 
ers was doubled so that the final virus titer 
would be comparable with the levels in the 
40-fold concentration. 


When the percentage mortalities of these 
replicates are compared with the results ob- 


TABLE Ill. Replicate Experiments with Ton-Ex- 
change-Resin (Dewex T) Concentration Method. 


Estimated imitial virus titer, .05 LD,./.02 ml 


final M5 2.0 
Mice, 
infected /total % mortality 
1/32 31 
2/35 5.7 
1/27 3.7 
2/21 9.5 
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TABLE IV. Recovery of Coxsackie Virus from 
Water Concentrated 40 Times by Alum Floccula- 
tion Method. 

Temp., 26-28°C; pH of water after flocculation, 
6.3; dosage of aluminum sulfate, 100 ppm; pH of 
floc redispersing fluid, 7.9; estimated initial dose 
of virus in water, .00625-.025 LD,/.02 ml; esti- 
mated amount of virus after redispersing, .25-1.0 
LD;./.02 ml; Redispersing time, 1 hr. 


Mice, 
Estimated amt of virus Test infected % mor- 
per .02 mlofconcentrate No. /total tality 
} ) EDs 1 16/80 20.0 
2 21/50 42.0 
rae 1 10/51 19.6 
2 10/37 27.0 
view 1 2/100 2.0 
2 5/32 15.6 
Controls made without il 12/47 25.5 
alum at an estimated 2 10/18 55.5 
(Test 1) .625 LD,)/.02 ml 
(Test 2) 1.0 LD, /.02 ml 


tained in the flocculation experiments in 
Tables I and IT, it is obvious that the floccula- 
tion method is superior to the ion-exchange 
method in recovering virus activity. 


Table IV shows the results obtained when 
water contaminated with lower amounts of 
virus was treated by flocculation. It will be 
noted that water containing as little as 
0.00625 LD50/0.02 ml can be flocculated, and 
that sufficient virus can be recovered to in- 
duce infection in 2 to 15% of the inoculated 
mice. 

Discussion. ‘This development of a sensi- 
tive and economical method of virus concen- 
tration fulfills a need which has hampered 
investigators in virus fields. Coxsackie virus 
was employed in these investigations because 
of its obvious sanitary significance as an en- 
teric virus. Preliminary work on APC type 
3 virus, not detailed here, has shown that 
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virus also to be amenable to this concentra- 
tion procedure, and it is possible that applica- 
tion of the flocculation method is feasible for 
detection of residual live virus in vaccines 
such as are now being produced for poliomye- 
litis immunization. Chang, et al.(3) re- 
ported much longer times were necessary for 
recovery of bacterial virus from the floc com- 
plex than we observed for Coxsackie virus. 
This may well represent inherent differences 
between the types of virus used in their work 
and the Coxsackie virus used in this work. 
Further investigation of these differences is 
in progress, particularly with respect to virus 
purification procedures. 


Summary. A method for the concentration 
of Coxsackie virus from dilute suspension is 
described. This flocculation procedure is 
capable of detecting as little as 0.00625 
LD50/0.02 ml in the starting material and 
is shown to be more sensitive than an ion- 
exchange method currently used. It possesses 
the additional advantages of being economical 
and simple in execution. 


We are indebted to Dr. E. K. Harris for the sta- 
tistical analyses contained in this paper and to Mr. 
Richard A. Gallagher for competent technical assis- 
tance. 
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The presence of ornithosis antibodies in 
turkeys has been known since 1942(1). The 
importance of turkeys as a source of human 
infection was reemphasized in 1948, and 
thereafter, by outbreaks of psittacosis among 
employees of turkey dressing plants(23) and 
by the subsequent isolation of a highly toxi- 
genic ornithosis turkey strain(4). More re- 
cent studies have revealed the widespread 
eceurrence of the virus in turkeys, and have 
led to the recognition of epizootics of varying 
degrees of severity which have been respon- 
Sible for haman infections. In view of the 
foregoing, rapid and sensitive methods for the 
detection of this disease in fowls are required. 


The complement-fixation (CF) test has not 
been applied in the study and diagnosis of 
turkey ornithesis since, among other avian 
sera, Rice(5) reported the failure of anti- 
pullerum turkey sera to fix complement with 
S. pudleram, and Eddie and Francis(1) ob- 
served fixation at only low dilutions with a 
limited number of turkey antiornithosis sera. 
The presence of a specific inhibitor, presum- 
ably an incomplete type antibody, was dem- 
onstrated in avian non-complement fixing sera 
(35,6), and thus the indirect complement- 
fixation test (ICF) was devised for the detec- 
tien of such antibedies(5.6). Hilleman and 
Helmold(7) suggested the use of the ICF for 
fowl antiornithosis sera, and Karrer, ef a/.(8) 
studied the variables involved in this test 
and applied the method for epidemiological 
surveys of ornithesis in chickens, ducks and 
turkeys(2). Since that time, the ICF has 
been used almost exclusively for the routine 
serological testing of turkey sera. 


A previous communication from this lab- 
oratory described the extraction and charac- 

* This, study Was supported by funds provided 
under Contract AF 18(600)-46 with the School of 
Aviation Medicine, USAF, Randolph Air Force Bas, 
Texas. 


(Introduced by Don Micks.) 


terization of soluble CF and skin-test antigens _ 
frem the psittacosis virus(10), The CF anti- 
gen was found to fix complement consistently 
in the presence of turkey antiornithosis sera. 
Considering the ease of performing the direct 
complement-fixation test (DCF) when com- 
pared to the indirect method, an evaluation - 
the DCF was undertaken. 

Materials and methods. The method * 
preparation of the detergent-extracted antigen 
was described previously(10). _Meningo- 
pneumonitis virus (Francis) was used exclu- 
sively in the present study. To maintain 
maximum CF activity, the crude extract was 
cleared by relatively slow speed centrifuga- 
tion (10,000 x G for 20 minutes), and used 
without further purification. The detergent 
extract could not be used for the ICF with 
sera giving positive DCFs, since direct fixa- 
tion interfered with the inhibition reaction. 
Therefore for the ICF, these sera were tested 
with either a concentrated heated phenolized 
meningopneumonitis allantoic fluid suspen- 
sion or a psittacosis (stain 6bc) yolk-sac par- 
ticle suspension. 

Sera. Groups of turkey sera were obtained 
from the following sources: <A) year-old 
Broadbreasted Bronze turkeys from Oregon 
which had experienced a severe ornithosis epi- 
zootic approximately 3 months prior to bleed- 
ing:* B) 2- to S-vear-old Broadbreasted 
Bronze turkeys from the same ranch as flock 
A, but in which ornithosis was not evident;t 
C) a fiock from the same vicinity as A, but 
without evidence of ornithosis infection;* D) 
sera from birds that had undergone a natural 
infection 18 months prior to bleeding;+ E) 


+ These turkeys were generously made available to 
ws by Dr. Don Mason, U. S. Public Health Service, 
and Dr. Monree Holmes, Oregon State Board of: 
Health. 

= Kindly supplied by Dr. Raymond Bankowski, 
School of Veterinary Medicine, University of Cali- 
fornia, Davis. 


No. turkeys DCF* pos 
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TABLE I. Comparison of Direct and Indirect Complement-Fixation Tests for Detection of Turkey Orni- 
thosis. 


DCF pos DCF neg DCF neg % positive 


Group History of infection tested ICFt ICFneg ICFpos ICF ” DCE ICF 
A Natural (3 mo) 47 41 3 0 3 93.6 87.3 
B No evidence 61 if 1 0 59 3.2 1.6 
C Si 8 50 2 0 0 48 4.0 4.0 
D Natural (18 mo before) 12 7 5 0 0 100 41.6 
E Exp. infected 8 wk Ly 7 0 2 2 63.7 81.8 

Total 181 58 9 2 3.1 


112 36.0 3 


* Direct complement-fixation. 


one-year-old Beltsville white turkeys experi- 
mentally infected with ornithosis virus (strain 
J.O.) by the intratracheal route 8 weeks be- 
fore testing.§ 

Serological methods. The ICF was per- 
formed similarly to the method described by 
Karrer, ef al.(8). For the DCF, 4 units of 
the detergent-extracted antigen are used. The 
preliminary incubation in both tests was car- 
ried out at 37°C for 75 minutes, and after 
the addition of sensitized sheep erythrocytes, 
a secondary incubation at 37°C for 30 min- 
utes was made. Titers represent the recipro- 
cal of the highest dilution of serum showing 
either a 1+ or 2* reaction in the ICF (par- 
tial inhibition) or a 4+ reaction (complete 
fixation) in the DCF. 

Results. When it was determined that the 
crude detergent extract would fix complement 
with randomly selected turkey antiornithosis 
sera, a survey of naturally infected and ex- 
perimentally infected turkeys was made using 
the DCF. In some cases the ICF and DCF 
were compared. Forty-seven turkeys were 
selected at random from a flock that had 
undergone a severe epizootic several months 
prior to bleeding. Table I shows that 41 sera 
in this group (A) were positive by both the 
ICF and DCF, and that 3 sera were positive 
in low dilutions (1:4, 1:4, 1:16) in the DCF 
and negative in the ICF. Dr. B. Eddie of 
The George Williams Hooper Foundation, 
University of California Medical Center, San 
Francisco, kindly tested these sera by the 
DCF, and they were all negative to 4 units 
of a heat-killed psittacosis (strain 6bc) yolk- 
sac antigen. The significance of this obser- 
vation will be discussed later. Also shown 


t Indireet complement-fixation. 


§ Kindly supplied by Dr. Don Davis, A. and M. 
College of Texas, College Station. 


in Table I are results with sera from 2 flocks 
(B,C) in which there was no evidence of in- 
fection at the time of bleeding. The large 
number of negative sera attest to the speci- 
ficity of the DCF. One serum from flock B 
was negative by the ICF and had a DCF 
titer of 1:4. To determine the duration of 
the DCF antibody, sera were obtained from 
12 turkeys which had undergone a natural 
infection 18 months prior to the test. Only 
5 sera had positive ICF titers; whereas, all 
sera had antibodies as revealed by the DCF 
(Table I). 

Table II presents DCF titers of 20 turkeys 
experimentally infected for 8 weeks, and a 
comparison of the DCF and ICF titers of 11 
of these sera. Two of the negative DCF sera 
were positive in the ICF. These findings sug- 


TABLE II. Complement-Fixation Reactions of 
Turkeys Experimentally Infected 8 Weeks with 


Ornithosis. 
————— Titers ———_,, 
Turkey Direct test Indirect test 

9 8 32 
18 = 8 
46 16 8 
63 32 32 
64 256 16 
85 O* 0 
89 0 4 
105 32 8 
106 32 16 
117 0 6 
136 0 z4 
10 128 — 
26 2 — 
48 32 a 
77 64 — 
101 256 — 
116 128 — 
123 64 — 
125 32 = 
141. 32 as 


* Negative-at 1:2 dilution. 
— = Not tested. 
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TABLE III. Appearance of Complement-Fixing 
Antibodies in Experimentally Infected Turkeys. 


Days after infection 


Turkey 0 8 14 
1 0* 2 (3+) 64 
2 0 16 32 
3 0 2 (3+) 8 
~ 0 2 
5 0 4 8 


* Negative at 1:2 dilution. 


gested that if incomplete CF antibodies were 
formed in turkey sera, they might have been 
predominant during the early stages of the 
infection. However, on the contrary, posi- 
tive DCFs were demonstrated 1-2 weeks fol- 
lowing infection. Five one-year-old Beltsville 
white hens were infected with over 107 LD5; 
(yolk-sac titration) of psittacosis virus 
(Texas turkey strain). All turkeys were neg- 
ative prior to infection. Eight days following 
infection all turkeys showed DCF titers, and 
the titers increased by 14 days of infection 
(Table III). Thus, the earliest appearance 
of the DCF antibodies paralleled the reported 
appearance of the ICF antibodies in chickens 
(9,11). 

To determine the relationship between the 
titers obtained by the 2 methods, a direct cor- 
relation analysis on the basis of the log dis- 
tribution of the ICF and DCF titers of flock 
A was made.! Fig. 1 shows the regression 


DIRECT. COMPLEMENT-FIXATION 
TITER 


0°2 4 6 16 32 64 [28 256 512 1024 
30 | J aad 1024 


b=Log of 0.82 512 
JzLog of 012*82x : 256 
Syx=049 


INDIRECT COMPLEMENT=FIXATION 
LOG OF TITER 
% 
INDIRECT COMPLEMENT- FIXATION 
TITER 


° o5 10 15 20 25 30 
DIRECT COMPLEMENT-FIXATION 
LOG OF TITER 


FIG. 1. Correlation analysis of direct and indirect 
complement-fixation reactions with turkey anti- 
ornithosis antibody. 
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line obtained, and the correlation was found 
to be 0.72, which was significant at the 1% 
level. Although there is no direct evidence 
as yet that the same antibody was being 
measured by the 2 tests, the DCF titers cor- 
related well with the ICF titers of these sera. 
Prozones rarely occurred and then only in the 
1:2 dilutions. Of the 91 positive sera exam- 
ined to date, only one manifested an extended 
prozone. Attempts to eliminate the prozone 
of this one serum by extending the fixation 
period at 5°C failed. Employing the deter- 
gent-extracted antigen, attempts to obtain di- 
rect fixation of complement with chicken anti- 
sera met with repeated failures. Under the 
test conditions, chicken antibody truly repre- 
sented the type that fails to fix complement, 
although chicken antiornithosis sera will pre- 
cipitate with suitable antigens(12). 

In the light of previous claims that turkey 
sera fixed complement poorly(5,8), the con- 
sistency and sensitivity of the DCF in this 
study was surprising. The results suggested 
that successful fixation depended, in part, on 
the type of antigen used in the test. To test 
this hypothesis, a comparison was made of 
the detergent extract and other antigens com- 
monly used in the DCF. A heated phenolized 
psittacosis (strain 6bc) yolk-sac antigen, a 
viable concentrated meningopneumonitis virus 
suspension (obtained by sedimentation of the 
virus from allantoic fluid), and the detergent 
extract were each titrated against 4 units each 
of rabbit and turkey antipsittacosis sera. The 
results summarized in Table IV reveal that 
the soluble antigen had the same titer when 
tested against rabbit and turkey sera. On 
the other hand, the allantoic fluid and yolk- 
sac antigens were considerably less active 
when titrated with turkey than with rabbit 
antiserum. The possibility existed that the 
detergent extract consisted of an antigen that 
differed either quantitatively or qualitatively 
from that found in the particle suspensions. 
Centrifugation of the soluble antigen at 35,- 
000 x G for 30 minutes was known to sedi- 
ment a CF antigenic fraction(10); thus, the 


|| The authors gratefully acknowledge the efforts 
of Miss Peggy Stimmel of this Department for the 
statistical analysis. 
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TABLE IV. Complement-Fixing Activity of De- 
tergent Extract and Viral Suspensions when 
Tested with Rabbit and Turkey Antipsittacosis 


Sera. 
Psittacosis 
antiserum 
Antigen Rabbit* Turkey* 
Crude detergent extract 
AP 32t 32 
AQ 64 64 
Crude detergent extract ultracen- 
trifuged 
Supernate 16 16 
Pellet 8 8 
Living meningopneumonitis al- 128 16 
lantoic fluid suspension 
Killed psittacosis yolk-sac sus- 256 8 


pension 


* 4 units of antiserum. + CF titer of antigens. 


pellet and supernatant fractions obtained by 
this treatment were each titrated against rab- 
bit and turkey antisera. Table IV shows that 
activity of the pellet antigen equals activity 
of the supernate antigen with rabbit or tur- 
key antiserum. 

Discussion. Employing the yolk-sac cocto 
antigen (6bce), Karrer et a/.(9) demonstrated 
inhibition titers with a small number of 
pigeon sera which gave negative results in the 
DCF. These investigators stated that the 
inhibiting and DCF antibodies rarely occur 
in the same serum, and that this was evidence 
that the inhibiting and complement-fixing 
antibodies were different. Our studies show, 
however, that when using the detergent-ex- 
tracted antigen, the DCF was as accurate as 
the ICF for the detection of ornithosis anti- 
body in the turkey sera studied, and that 
with some sera the DCF was a more sensitive 
indicator than the ICF. Furthermore, all but 
a few positive sera gave both positive indirect 
and direct CF reactions. These conflicting 
observations can be explained on the basis of 
the types of antigens employed. Direct fixa- 
tion with turkey sera would be missed if the 
virus suspension antigens were standardized 
with non-avian or pigeon sera and then the 
usual 4 units of antigen were used in the di- 
rect test with turkey sera. When tested with 
rabbit antiserum, 4 units of the allantoic fluid 
and yolk-sac antigens shown in Table IV 
represent titers of 32 and 64, respectively; 

concentrations that were insufficient to fix 


~I 
_ 


complement with turkey sera. At least for 
turkey antisera, these data suggest that the 
inhibiting and complement-fixing antibodies 
may represent the same antibody, and that 
their detection partially depends upon the 
molecular configuration of the antigen. The 
ability of the detergent extract to fix comple- 
ment with turkey antibody may be due to the 
physical state of the antigen. The reactive 
sites of the soluble antigen may be more 
readily available, and the union with antibody 
and complement is probably firmer than that 
found with the virus preparations. The fail- 
ure to detect serious prozone effects, the early 
appearance in infection of the DCF anti- 
bodies, and the detection of antibodies 
in turkeys infected 18 months previously 
strengthen the practical use of the DCF. 


Summary. Employing a soluble antigen, 
complement-fixation reactions were obtained 
with turkey antiornithosis sera. Antigens 
consisting of viable allantoic and killed yolk- 
sac virus suspensions did not show the same 
degree of activity. The direct complement- 
fixation reaction was as sensitive as the in- 
direct complement-fixation test; therefore, 
the use of the direct test for the study and 
diagnosis of turkey ornithosis was suggested. 


1. Eddie, B., and Francis, T., Proc. Soc. Exe. 
Brot. AND Menb., 1942, v50, 201. 

2. Irons, J. W., Sullivan, T. D., and Rowen, J, 
Am. J. Publ. Health, 1951, v41, 931. 

3. Beaudette, F. R., Psitiacosis, Diagnosis, Epidemi- 
ology, and Control, 1955, Rutgers University Press, 
Ne F. 

4. Meyer, K. F., and Eddie, B., Proc. Soc. Exe. 
Brot. AND Mep., 1953, v83, 99. 

5. Rice, C. E., Canadian J. Comp. Med., 1947, vl, 


22 
ce) 


- 


6. . J. Immaunel., 1948, v6, 365. 
7. Hilleman, M. R., and Helmold, R. J., Fed. Pree., 
1949, v8, 42° (abst). 

8. Karrer, H., Meyer, K. F., and Eddie, B.. J. In- 
fect. Dis., 1950, w87, 13. 

Q, , tbid., 1950, v87, 24. 

10. Benedict, A. A., and O’Brien, E., J. Immunol, 
1956, v76, 293. 

11, Benedict, A. A., and McFarland, C., idid., in 
press, 

12. Unpublished data. 


Received July 2, 1956. P.S.E.B.M., 1956, v92. 


772 


Catalase Activity and Ethanol Metabolism in the Rat.* 
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Until recently the sole function of catalase 
in living cells was thought to be that of pre- 


venting accumulation of toxic concentrations ° 


of hydrogen peroxide. Keilin and Hartree 
(1,2), however, indicated that catalase may 
catalyze a peroxidatic oxidation of ethanol to 
aldehyde. If this reaction does occur in vivo, 
ethanol oxidation conceivably may be carried 
out by both catalase and alcohol dehydro- 
genase, and not by the latter alone. Jacobsen 
(3) has even postulated that catalase is re- 
sponsible in man for oxidation of 20% of a 
given dose of ethanol. Based on a review of 
the literature, and on his own work, Bartlett 
(4) concluded that alcohol dehydrogenase 
alone is responsible for the first step in the 
oxidation of ethanol. Westerfeld(5) agreed 
in principle with Bartlett when the former 
expressed the view that the catalase mech- 
anism is not of major importance in alcohol 
metabolism. One of us(6) has recently at- 
tempted to determine the importance of cata- 
lase in alcohol metabolism in dogs by corre- 
lating rate of ethanol metabolism and hepatic 
catalase activity in the same animal. The co- 
efficient of correlation between the two deter- 
minations was statistically significant, 0.602. 
Liver weight alone, however, when correlated 
with rate of metabolism yielded a coefficient 
of 0.797. In view of these findings, it appears 
that liver weight may be the determining fac- 
tor in the calculations, and the relatively high 
value of the coefficient is merely due to the 
preponderant effect of liver weight. In view 
of these considerations, and because a new 
research technic has become available, a dif- 
ferent approach was made to the problem of 
ascertaining the importance of catalase activ- 


* This investigation was supported in part by a 
grant from the Committee on Problems of Alcohol, 
National Academy of Sciences, National Research 
Council. 

+ Postdoctoral Fellow, National Cancer Institute. 
Present address: Department of Biochemistry, Univ. 
of South Dakota, Vermillion. 


ity in ethanol metabolism. 

The new approach was made possible when 
Heim et al.(7) injected rats intraperitoneally 
with 3-amino-1, 2, 4-triazole (designated 
hereafter as AT) and found that hepatic cata- 
lase activity was markedly depressed for at 
least 12 hours. The general plan of the pres- 
ent investigation involved determination of 
the rate of ethanol metabolism in rats, over a 
4 hour period after AT had been injected, fol- 
lowed by determination of the ethanol oxidiz- 
ing capacity of the liver, believed to be a 
measure of alcohol dehydrogenase activity, 
and hepatic catalase activity. The findings in 
control animals were compared with those in 
AT-injected experimental animals. 

Methods. Twenty per cent ethanol, in 
saline, in dosages of 3 g/kg, was administered 
intraperitoneally in adult male Sprague-Daw- 
ley rats, 60 minutes after 1 g/kg of AT,} as 
a 14% aqueous solution, had been adminis- 
tered intraperitoneally. Control animals were 
given alcohol in an identical manner but were 
not injected with AT. Four hours after ad- 
ministration of ethanol, the rat was sacrificed 
by a blow on the head. A small specimen of 
liver was removed, weighed, and homogenized. 
Alcohol dehydrogenase and catalase activities 
were determined by methods previously de- 
scribed(6). The carcass was comminuted and 
treated as described by Aull ef al.(8). To 
ascertain the degree and persistence of the 
reduction of hepatic catalase activity, as a 
result of the action of AT, the catalase activ- 
ity was determined in groups of 3-4 rats each 
at hourly intervals over a 5-hour period. The 
assay method employed(6) was the same as 
that used with the small specimen in the 
larger experimental series. 

Results. The rate of ethanol metabolism, 
in mg/kg/hr, and the hepatic alcohol dehy- 
drogenase in mg/g liver/hr, and catalase ac- 
tivities, in m.e./mg liver and m.e./mg N, are 


+ Contributed by the American Cyanamid Co., 
Agricultural Chemical Division. 
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TABLE I. Rate of Ethanol Metabolism and Enzyme Activities. 


Metabolic rate, 


Oxid. cap., 


Catalase -—————_, 


mg/kg/hr mg/g/hr m.e./mg liver m.e./mg N 
Controls (10 rats): _ 
Range 180 — 239 45 -— 9.5 .992 — 1.448 24.9 — 34.7 
Mean + S.D. 205 = 18 7.24 1. 1170+ .147 Aad (sc as Bis) 
Exp. (10 rats) : 
Range 143 — 230 6.5 — 12.0 268 — .372 6.9 — 10.0 
Mean + S.D. + 1.6 327 + .035 8.2== 1.0 


193 + 27 8.9 


recorded in Table I. In the rats injected with 
AT, determination of the liver catalase activ- 
ity, at hourly intervals for 4 hours, in 3 ani- 
mals each, showed a reduction of 88.1-81.7% 
below the average for the control series. In 
light of the greater depression during the first 
4 hours, the catalase activities recorded in 
Table I probably represent maximum levels 
of activity reached during the 5 hour period 
following AT injection. The differences be- 
tween mean values of both the metabolic rate 
and the ethanol oxidizing capacity of the 
liver, in the control and experimental series, 
were statistically tested. In each case the P 
value, of less than 0.1, indicates that there is 
probably no significant difference between 
control and experimental series. 

Discussion. Results of the determinations 
of hepatic catalase activity over a period of 
5 hours, indicate that AT depresses catalase 
activity promptly and that the depression per- 
sists to a marked degree for at least 5 hours. 
This marked reduction in catalase activity of 
the liver, averaging at least 71.8%, should be 
sufficient to affect the rate of ethanol metab- 
olism if catalase plays an important role in 
alcohol metabolism. The p values, indicating 
that both the rate of ethanol metabolism and 
the ethanol oxidizing capacity of the liver are 
statistically identical in control and experi- 
mental series, lead us to conclude that he- 
patic catalase does not play a significant role 
in alcohol metabolism. Apparently, AT does 
not have an appreciable effect upon alcohol 
oxidizing capacity of the liver. This deter- 
mination, originally designated as ethanol 


oxidizing capacity of liver(6) is now believed 
to be a measure of the alcohol dehydrogenase 
activity since addition of purified catalase, or 
of purified catalase plus perborate, to the liver 
homogenate failed to give any increase in the 
ethanol oxidizing capacity of liver homoge- 
nate. All of the observations, therefore, in- 
dicate that liver catalase does not play a 
significant role in ethanol metabolism. 

Summary. Reduction in hepatic catalase 
activity, of at least 71.8%, over a period of 5 
hours, as a result of injection of 3-amino-1, 
2, 4-+triazole, failed to produce a statistically 
significant alteration in rate of ethanol metab- 
olism in rats. The ethanol oxidizing capacity 
of the liver, e.g., alcohol dehydrogenase ac- 
tivity, was statistically the same in control 
and experimental series. It is concluded that 
hepatic catalase, in rats, does not play a sig- 
nificant role in ethanol metabolism. 
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Identification of Avian Erythroblastosis Virus by Precipitation with 


Chicken Immune Serum.* 
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Rosert A. Bonar, D. Gorpon SHarp, DororHy BEARD, AND J. W. BEarb. 
Department of Surgery, Duke University School of Medicine, Durham, N. C. 


Particles characteristic of avian erythro- 
blastic leukemia(1) have been observed(2) 
in electron micrographs of the plasma of 
chicks with the disease. Morphologically, the 
particles were similar in shape and size to 
those occurring under like conditions in mye- 
loblastosis, which is another form of avian 
leukemia. In the latter instance, the particles 
have been identified(3,4) as the viral agent 
of the disease. The findings already described 
(2) have suggested that the particles found 
in erythroblastosis might represent the eti- 
ologic agent. One means for establishing the 
identity of the virus of myeloblastosis con- 
sisted in the electron micrographic study (4) 
of the precipitin reaction with specific anti- 
serums from the chicken. A similar technic 
has been applied in erythroblastosis. Chick- 
ens repeatedly injected with formalin-treated 
particles concentrated by ultracentrifugation 
of large volumes of plasma, develop anti- 
bodies strongly neutralizing the infectivity of 
the virus. Electron micrographic examination 
of mixtures of the antiserums with particle 
concentrates revealed specific clumping of the 
characteristic particles. The results of the 
precipitin studies, which establish the sero- 
logical identification of the particles with the 
virus of erythroblastic leukosis, are here de- 
scribed. 

Materials and methods. ‘The disease under 
study is an apparently pure strain of erythro- 
blastosis obtained(5) from Dr. Astrid Fag- 
raeus (State Bact. Lab., Stockholm), but de- 
rived initially in the laboratory of Dr. J. En- 
gelbreth-Holm (Dept. of Pathol. Anatomy, 
University of Copenhagen). It has been 
passed routinely in this laboratory in White 


* This work was supported by a research grant to 
Duke University from the American Cancer Society, 
on recommendation of Committee on Growth; by 
grant from the National Cancer Institute of the Na- 
tional Institutes of Health, U. S. Public Health Serv- 
ice; and by Dorothy Beard Research Fund. 


Leghorn chicks and chickens by intravenous 
inoculations of 0.1-ml volumes of filtered 
plasma or dilutions of it. The birds were 
always White Leghorns of Line 15 inbred at 
the Regional Poultry Research Lab., East 
Lansing, Mich., for high susceptibility to 
lymphomatosis(6). The characteristics of 
the disease have not changed since the earlier 
description (5). 

Particle concentrates for preparation of 
immunizing antigen were obtained by ultra- 
centrifugation of plasma from diseased birds. 
Electron micrographic examination of many 
plasmas has shown that the particle content 
in erythroblastosis reaches a maximum of ap- 
proximately 2 x 10!° per ml, in striking con- 
trast with myeloblastosis in which particle 
counts reach levels of 2 x 10!” virus particles 
per ml. There is wide variation in the par- 
ticle content in erythroblastosis, some of the 
plasmas containing practically none demon- 
strable by physical methods. Moreover, as 
already indicated(5), there was no means for 
selecting the best plasmas since the adenosine 


_triphosphatase micro screening test(7) useful 


in myeloblastosis was not applicable in eryth- 
roblastosis. For these reasons, donors of the 
plasmas had to be chosen at random, and be- 
cause of the low average particle content, 
large volumes of plasma were necessary to 
provide the mass of particles sufficient to serve 
as effective antigen. Fortunately, older birds 
are more susceptible(5,8) to this virus than 
the baby chicks required for myeloblastosis 
(9), and consequently, volumes of plasma 
adequate for this purpose were readily ob- 
tained. Birds of 2 to 20 weeks of age with 
the disease were bled from the heart shortly 
before death was expected. Heparin was used 
as anticoagulant. Cells and large particles 
were removed by centrifugation once at 850 
x g for 15 minutes, and a second time at 2700 
x g for 20 minutes. The supernatant fluids 
were then spun at 20,000 x g for 60 minutes 
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. to sediment the particles which were resus- 
pended in Ca-free Ringer’s solution at about 
25 x concentration. Formalin in Ca-free 
Ringer’s solution was added in amounts suf- 
ficient to bring the suspensions to 10-20 times 
concentration of particles with respect to the 
original volumes of plasma and 0.1% concen- 
tration of formalin. The suspensions were 
stored in the refrigerator for about 3 weeks. 
The vaccine was prepared in batches, at in- 
tervals, from a total of 2,125 ml of plasma 
derived from 198 chickens. This whole 
amount of vaccine was used for immuniza- 
tion of 8 roosters (Line 15 White Leghorns) 
of 6.5 months age at the time of the first in- 
jection. Each was given 1.0 ml vaccine in- 
traperitoneally twice on alternate days. After 
1 week, a series of 3 injections of 2.0 ml was 
made on each of alternate days. The third 
course of 2.0, 2.5 and 2.5 ml was given in the 
same way after an ensuing week. There was 
no evidence of disease in the vaccinated birds. 
All were bled from the heart 11 days after the 
last injection, and the serum was stored at 
29°C. 

Precipitin experiments were carried out 
with particle concentrates similar to those 
used for the immunizing antigen. After re- 
moval of the cells by centrifugation, the plas- 
mas were stored at —78°C until used, then 
thawed in running tap water and chilled in an 
ice bath. Preparation of the particle con- 
centrates was carried out at 2-5°C. Ina 
typical preparation, 4 plasmas, 101 ml, were 
centrifuged 20 minutes at 2,100 x g, and the 
supernatant fluids spun 30 minutes at 29,000 
x g in the Servall SS-1 rotor to sediment the 
particles. The small, yellowish clear pellets 
were resuspended and combined in a total 
volume of 12 ml of 0.14 NaCl containing 
0.001 M sodium phosphate, pH 7.0. The 
cloudy suspension was stirred 2 hours and 
then centrifuged 20 minutes at 2,500 x g. 
The supernatant fluid was decanted from the 
white opaque pellet and centrifuged 30 min- 
utes at 20,000 x g in an airdriven vacuum 
chamber centrifuge. The supernatant fluid 
was decanted and the pellet resuspended in 
1.0 ml sodium chloride phosphate solution as 
before. The pellet suspension was stirred 
overnight and then clarified by centrifugation 
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at 2,500 x g for 5 and then for 15 minutes. 

The immune serum and the serum from a 
normal (uninfected) bird from the same flock 
were heated 30 minutes at 56°C to inactivate 
complement; after cooling, the serums were 
centrifuged 30 minutes at 47,000 x g in a 
small horizontal cell to eliminate particulate 
material, and the upper two-thirds of the 
supernatant taken for use. For the precipitin 
reaction, 1 part particle concentrate, 1 part 
serum and 1 part NaCl solution were mixed 
so that the final concentration of sodium 
chloride was 7.5% (10). Whether the particle 
concentrate and serum were first dialysed 
against 7.5% NaCl or simply mixed with 
more concentrated NaCl solution appeared 
not to affect the results. The mixtures were 
kept at 37°C for 2 hours, and then at 2°C. 
Samples were removed at intervals and 
diluted 333 fold with 0.9, 4 or 8% sodium 
chloride solution for electron micrography. 
The particles in these dilute samples were 
then deposited by ultracentrifugation upon an 
agar surface where their numbers and con- 
figuration would not be influenced during 
drying. They were then fixed with osmium 
tetroxide and pseudoreplicas prepared by the 
method used previously(4,11). 

Results. The findings are illustrated in the 
electron micrographs of Fig. 1-3. As already 
described(2), concentrates approaching homo- 
geneity with respect to the kind of particles 
suspected of being the virus are difficult to 
obtain. Although the predominant compon- 
ent may clearly represent a population of 
particles of fairly uniform appearance, there 
is always present some or much amorphous 
material of indeterminate characters as well 
as many particles smaller than those charac- 
teristic of erythroblastosis. These properties 
are exhibited’ by the concentrate of Fig. 1 
which represents one of the best thus far ob- 
tained. 

Treatment of such a concentrate with the 
immune serum as described results regularly 
in agglomeration of particles as seen in Fig. 
2. The concentrate was distinctly opalescent 
before addition of the immune serum. Visible 
precipitation, that is, the formation of flocs 
and settling, did not occur when the serum 
was added, but the suspension was definitely 
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S > 2 : : 
FIG. 1. Electron micrograph of concentrate of particles present in the blood plasma of 
chickens with avian erythroblastosis ( 15,100). 
FIG. 2. Concentrate treated with immune serum for 2 hr at 37°C and for 18 hr at 2-5°C. 
ion of NaCl was 7.5% ( 15,100). 


Concentrati 
FIG. 3. A portion of Fig. 2 at higher magnification (x 25,000). 
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more turbid than mixtures of the same par- 
ticle concentration containing serum from 
normal chickens. The electron micrograph 
of Fig. 2 reveals unequivocal agglomeration 
which did not occur in the untreated concen- 
trates or in concentrates treated with normal 
serum. The nature of the particles included 
in these small flocs is shown in the picture of 
greater magnification in Fig. 3. It is evident 
that the particles involved are those of rela- 
tively uniform appearance described earlier 
(2) as characteristic of avian erythroblas- 
tosis. There remain in suspension particles of 
the same appearance which did not form flocs 
with the immune serum. 

Discussion. Repeated experiments have 
shown, as will be described later, that the 
chicken immune serum employed in the pres- 
ent work contains antiviral immune bodies 
which neutralize the agent of erythroblastosis. 
Antibodies to this agent, which were produced 
by relatively small amounts of antigen inac- 
tivated with formalin, were less effective than 
were analogous antibodies to myeloblastosis 
against the homologous virus. This consti- 
tutes, probably, the principal explanation of 
the partial precipitation in erythroblastosis 
as compared with the results of similar ex- 
periments in which the virus of myeloblastosis 
could be precipitated quantitatively(4) with 
its specific avian antibodies. Incomplete pre- 
cipitation is observed, also, with myeloblas- 
tosis with the use of dilute immune serum, the 
results being essentially identical with those 
found here in erythroblastosis in which there 
is excellent reason to suspect that the im- 
mune serum was much “weaker” than that 
obtained with myeloblastosis. It is possible 
that some of the particles had lost the ca- 
pacity to react with the immune serum be- 
cause of antigenic degradation either in the 
blood plasma or during preparation of the 
concentrates. This seems rather remote, how- 
ever, since the agent has appeared fully as 
stable as the virus of myeloblastosis. In Fig. 
2, the presence of individual particles in the 
smaller size range is notable. Possible rela- 
tions of the smaller particles to the specific 
agent are obscure. Many are present in the 
plasmas of birds with erythroblastosis. ~ Cor- 
relative sedimentation studies and particle 
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counts, however, have shown that infectivity 
is associated principally with particles of ap- 
proximately 120 my diameter. With respect 
to the present experiments it would appear 
that, insofar as the precipitin reaction with 
homologous antiviral immune serum from the 
homologous host is an acceptable criterion, it 
can be concluded that the particles character- 
istic of the disease, as described before and 
seen in the present pictures, are the virus of 
avian erythroblastosis. 

The results of the present experiments are 
of significance in several respects. (1) They 
have demonstrated that in avian erythroblas- 
tosis specific precipitating (and neutralizing) 
antibodies can be produced in the homologous 
host with sufficient quantities of formolized 
antigen. (2) Electron micrographic study of 
the precipitin reaction provides a specific sero- 
logical technic for the identification of par- 
ticles existing in concentrations and amounts 
too small for adequate study by the usual 
physical and chemical criteria. (3) It is evi- 
dent that the virus particles of erythroblas- 
tosis are indistinguishable by electron microg- 
raphy from those of the virus of myeloblas- 
tosis. This is of critical importance since it 
has been shown in experiments to be reported 
later that the agents are distinct chemical and 
biological entities. 

Summary. © Spheroidal particles of about 
100-120 mw diameter occur characteristically 
in the plasma of chickens with erythroblas- 
tosis. With formalin-inactivated concentrates 
of these particles, immune serums have been 
produced in the chicken which effectively neu- 
tralize the infectivity of the agent. These 
antiserums also cause agglomeration of par- 
ticles in concentrates identifiable by electron 
micrography as those found characteristically 
in this disease. The results have been inter- 
preted to indicate that the characteristic par- 
ticles agglomerated constitute the viral agent 
of avian erythroblastosis. 
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Comparison of Effect of ‘Valmid’* and Other Hypnotics on Brain 


Respiration in vitro. 


(22611) 


RaAtMonp H. Tust, Roy G. HERRMANN, AND K, K, CHEn. 
The Lilly Research Laboratories, Indianapolis, Ind. 


It has been reported that hypnotics in rela- 
tively low concentrations are capable of inhib- 
iting the respiration of cerebral slices during 
electrical stimulation(1), stimulation due to 
an excess of potassium or to the addition of 
2, 4-dinitrophenol(1,2), and stimulation by 
the removal of calcium ions(3). Ghosh and 
Quastel(2) interpreted their data as indicat- 
ing that the inhibition of brain slice respira- 
tion by narcotics is restricted to that aspect 
of cortical respiration which is stimulated by 
potassium ions. 

This study was undertaken to compare the 
ability of ‘Valmid’, a new nonbarbituric hyp- 
notic(4,5,6), to inhibit the potassium-stimu- 
lated respiration of slices of brain cortex with 
that of ‘Seconal Sodium’! and that of another 
nonbarbiturate, urethane. Included in this 
study was a convulsant barbiturate (sodium 
ethyl, 1, 3-dimethylbutyl barbiturate), (7) 
serial No. 09757, which has been shown to be 
capable of uncoupling oxidation from phos- 
phorylation(9). 

Method. All experiments were carried out 
with the Warburg manometric apparatus. 
Female albino rats of 150-200 g were sacri- 
ficed by decapitation, the brains were quickly 
removed, and freehand slices were prepared 
by the method of Deutsch(10). Slices total- 


* ‘Valmid’ (Ethinamate, Lilly) is ethinyleyclohexyl 
carbamic acid. 

t‘Seconal Sodium’ (Secobarbital Sodium, Lilly) 
is sodium allyl, 1-methylbutyl barbiturate. 


to contain 2.5% PEG 200. 


ing approximately 12 mg dry weight were 
placed into 2.4 ml Krebs-Ringer phosphate 
medium containing 0,02 m glucose in the main 
compartments of the vessel. The hypnotic 
agent, dissolved in 0.3 ml of 25% polyethyl- 
ene glycol 200 (PEG 200) made up in Krebs- 
Ringer phosphate, was added to the vessel 
contents to give final concentrations equiva- 
lent to the anesthetic dose (AD 50) or 10 times 
the ADs» of each compound, and a final con- 
centration of 2.5% PEG. The concentration 
of No. 09757 was based upon its convulsive 
dose (CD50). A control flask was prepared 
PEG 200 was 
necessary to keep ‘Valmid’ in solution 
throughout the experimental period. The 
sidearm of each vessel contained 0.3 ml M 
KCl in Krebs-Ringer phosphate. The center 
wells contained 0.2 ml 10% KOH. Oxygen 
was used for the gas phase. 

After gassing and thermal equilibration, 
oxygen uptake was measured for one hour to 
establish control values. At the end of this 
period the sidearm contents were tipped into 
the main compartments and oxygen uptake 
was measured for another hour. Control ex- 
periments showed no difference between first 
and second hour Qos values. Readings were 
taken at 15 minute intervals throughout the 
experiment. 

Results. All values in Table I represent 
the mean values of 8 experiments. Inhibi- 
tions were calculated as percentage inhibi- 
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TABLE J, Effects of Hypnotic Agents on Normal and KC)-Stimulated Respiration of Rat 

Brain Cortex. All flasks contained 2.5% PG 200 unless otherwise noted. The low concentra- 

tion for each compound is equivalent to anesthetic dose of compound (convulsive dose in case of 
No, 09757), 


Without, With 
added KCL added KC) (0,1m™) 
ee > —_— —— % stimulation 
%o inhi- % inhi- by added KCl 
Hy pnotie Concentration QO, bition. Qo, bition. (0,1 o£) 
Control “Without 2.5% PEG 12.38 as 21,76 it 76 
With 2.5% PEG 8.75 _ 12.19 oo 51 
“Valmid’ 6 K 10% 785 10 10.00 24 27 
6K 107 mw 67 92 93 93 39 
*Seconal sodium’ 1.5 % 10% mu 6,28 28 TAS 46 14 
15 K 107 w 96 89 1,91 85 99 
Urethane 14K 107 ws 8,94 9 13.58 0 52 
14K 107m 6,67 24 8.77 33 3 
No. 09757 57 K-10 1 8,88 0 12,27 7 38 
5.7 K 10-* 1.35 


tions of the control containing 2.5% PEG 
200. ‘Seconal Sodium’, in a concentration 
equivalent to its ADs», caused a 28% inhibi- 
tion of the oxygen uptake of “resting” tissue. 
None of the other compounds appreciably 
suppressed respiration when employed in this 
concentration. In the presence of added KC] 
‘Seconal Sodium’ inhibited respiration by 
46% and ‘Valmid’ by 24% when they were 
employed in concentrations equivalent to 
their respective ADz’s. Neither urethane at 
its anesthetic dose nor No. 09757 at its con- 
vulsive dose caused a depression of oxygen 
uptake of either the “resting” tissue or the 
KCl-stimulated tissue. In concentrations 
equivalent to 10 times their respective ADz;»’s 
(CDs9 in the case of No. 09757) all com- 
pounds suppressed the respiration of both nor- 
mal and stimulated slices, approaching 100% 
‘in the cases of ‘Seconal Sodium’, ‘Valmid’, and 
No. 09757. However there was practically 
no increase in the amount of inhibition in the 
potassium-stimulated slices over that in the 
normal slices by this higher dosage. 

The last column of Table I shows the abil- 
ity of the hypnotic agents to interfere with 
the ability of the brain slices to respond to 
stimulation by an excess of potassium ion. In 
the presence of only PEG 200 there was a 
51% increase in oxygen uptake in response 
to the increase in potassium. When an anes- 
thetic concentration of ‘Valmid’ or ‘Seconal 


Sodium’ or a convulsive concentration of No. 


5 


56 1,12 91 0 


09757 was also added there was a suppression 
of the response to KC] stimulation. Urethane 
induced a corresponding inhibition only when 
present in a concentration equivalent to 10 
times its anesthetic dose. At their respective 
higher concentrations the other agents so 
completely depressed the normal “resting” 
respiration that no significance could be at- 
tached to the slight changes caused by the 
potassium addition. 

Discussion. The degree of depression of 
brain slice respiration produced by a drug 
employed in a concentration equivalent to its 
anesthetic dose has been proposed as an index 
of the narcotizing potency of the drug(11). 
If this concept is applied to the above data, 
‘Valmid’ appears to possess approximately 
one-half the potency of ‘Seconal Sodium’, and 
No. 09757 and urethane exhibit still lesser 
potencies. The hypnotic-like action of the 
convulsant barbiturate in this system is not 
surprising in view of its chemical structure 
and in view of the findings by Domino et al. 
(8) that it has depressing as well-as stimulat- 
ing actions. Furthermore, Swanson and Chen 
(7) suggested that the convulsant effect was 


_ probably of spinal origin since its occurrence 


could be prevented by pithing whereas decere- 
bration and medullary destruction were with- 
out effect. ‘Valmid’ at physiological concen- 
trations in this system exhibited an effect 
which appears characteristic of narcotizing 
agents, 1.€., a slight inhibition of the respira- 
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tion of normal slices and a significant depres- 
sion of the oxygen uptake of potassium stimu- 
lated slices. ‘This apparent interference of 
narcotics with respiration is not taken to in- 
dicate that the mechanism of their depressant 
action is an interference with oxidative proc- 
esses, On the contrary, the decreased oxygen 
uptake may be a result of an inability of an- 
esthetized brain cortex slices to utilize the 
products of cellular oxidations, especially in 
view of the fact that high energy phosphate 
has been shown to increase during the anes- 
thetic state(12). The depression of the re- 
sponse to potassium stimulation then would 
be due to a decreased ability of narcotic- 
depressed tissue to respond to such stimula- 
tion rather than to a narcotic suppression of 
the subsequent increased respiration, In this 
respect it is noteworthy that Grenell e¢ ad. 
(13) were unable to find convincing evidence 
that the net synthesis of adenosinetriphos- 
phate was a crucial factor in narcosis or that 
narcotic action was the result of a decreased 
oxygen uptake, 

Summary, ‘Valmid’, a new nonbarbituric 
hypnotic, has been compared with ‘Seconal 
Sodium’, urethane, and a convulsant  bar- 
biturate with respect to its ability to inhibit 
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normal and potassium-stimulated respiration 
of rat brain cortex slices én vitre. In concen- 
trations equivalent to those obtained during 
anesthesia, only ‘Seconal Sodium’ depressed 
the oxygen uptake of normal tissue whereas 
both ‘Seconal Sodium’ and ‘Valmid’ inhibited 
the respiration of KCl-stimulated tissue. 
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A Revised Method for Isolation of Schistosoma mansoni Eggs for 
Biological Experimentation.* (22612) 
® 


Corr M. Coker AND FRANCISCO LicHTENBERG. (Introduced by Paul Klemperer.) 


Departments of Microbiology and Pathology, University ef Puerte Rice Scheel ef Medicine, 
School ef Trepical Medicine, San Juan. 


Many of the pathologic, immunologic and 
clinical manifestations of Manson's schisto- 
somiasis appear to be caused by the presence 
of the egg stage of the parasite in the host 
tissues(1,2,3,4,5,6,7). Consequently, studies 
of the egg stage and its pathogens, indepen- 
dently from the cercarial and adult stages, are 
assuming increasing importance in under- 
standing the disease. We have developed a 
method of isolating Schistosoma mansoni eggs 
* Supported in part under grant No, 1000-544-013-2 
from the Preventive Medicine Research Division, 
Department of the Army, Washington, D.C. 


in adequate quantities and in pure enough 
state to allow for biological assays im vitre 
and in vive. Our method was developed as a 
modification of comminution and _ filtration 
technics(3,8) with the addition of differential 
sedimentation through media of differing vis- 
cosities whereby gross contaminants may be 
separated and removed. 

Materials and methods. Golden hamsters 
(9) are exposed to approximately 300 cer- 
cariae of Schistosoma mansoni. Eight weeks 
after exposure to infection one or 2 hamsters 
are sacrificed and stored at ordinary refrig- 
erator temperature for 24 or 48 hours. All 


text. 40x. 
FIG. 1B. Cireumoyal precipitates around the ‘‘purified’’ egg after 24-hr incubation in hu- 
man immune serum. 180. 


FIG. 2 
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Cellular reaction around a schistosome egg in lung of an experimental mouse 39 


days after injecting the mouse intravenously with purified eggs. 200. 


subsequent operations can be carried out at 
room temperature. The livers are removed 
from the animals and comminuted for 2 min. 
in 150 ml 1.7% NaCl aqueous solution in a 
household model Waring blendor. The con- 
centration of saline used is sufficient to pre- 
vent premature hatching of the eggs without 
affecting them adversely(3). The homoge- 
nate is poured through 2 nesting wire mesh 
filters (phosphor bronze screening of 50 and 
80 mesh) into a conical glass settling flask of 
6 in. depth and 275 ml capacity, flushing the 
screens with added quantities of the saline 
sufficient to fill the cone. Thirty minutes 
later the contents of the flask are carefully 
decanted until about 134 in. remain. This 
remainder, containing the settled eggs and 
some contaminating material from the liver, 
is transferred to a centrifuge tube and washed 
4 or 5 times in 1.7% saline with very mild 
1% min. centrifugation between washes. The 
resulting rough-cleaned sediment is concen- 
trated in about 5 ml of saline, agitated with a 
pipette to break up adhering clumps, and then 
very carefully overlaid (using a fine pipette) 


upon a filtered solution of freshly prepared 
0.5 molar sucrose in a standard 50 ml bur- 
ette, the capillary tip of which has been re- 
moved. If observation of falling particles is 
desired, a dissection microscope is mounted in 
a horizontal position and focused at the low- 
est centimeter of the burette column. 

Settled particles heavier than the eggs may 
be drawn off in 3-5 ml, and discarded, at the 
end of 15 min. At the end of one hour, 15 
ml are drawn off into a small centrifuge tube. 
This tube contains the bulk of the eggs which 
are then washed free of sucrose, and concen- 
trated, in 1.7% saline, using very light cen- 
trifugation. If further purification is desired 
the concentrate is carefully flushed over a 
small piece of 325 mesh screen to remove 
particles smaller than the eggs, and the eggs 
are then flushed off the top of the screen into 
a suitable container. 

Results. If scrupulously cleaned containers 
and filtered solutions are used, and if the 
entry of extraneous dirt and dust is prevented, 
the purified eggs in the final concentrate are 
practically free of foreign material (Fig. 1a), 
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occasionally even without the final screening 
step. They maintain their morphologic in- 
tegrity (Fig. 1b). When placed in distilled 
water at the end of the treatment, many of 
them hatch rapidly producing actively swim- 
ming miracidia. They retain their acid-fast 
property(10) and the normal antigenic qual- 
ity of reacting with circumoval precipitins in 
human immune serum(3, Fig. 1b). After 
bringing the eggs into physiological salt solu- 
tion we have injected them intravenously (11, 
12) into mice, finding that the mice survived 
for at least 30 days and that there was a host 
cellular response to the injected eggs trapped 
in the lungs(11, Fig. 2). Eggs recovered from 
the upper portion of the column of sucrose, 
after one hour, are few in number, tend to be 
much smaller, immature, of bizarre structure 
and reduced hatchability, or else are empty. 
Discussion. The technic outlined above of- 
fers a fairly rapid method of isolating Schis- 
tosoma mansoni eggs, in a relatively pure 
state, from hamster livers. The method can 
be adapted and refined to suit a variety of re- 
search purposes and source materials of eggs. 
We experimented with infected hamster liv- 
ers of various degrees of freshness and found 
that best results were obtained from “stale” 
livers, that is those in which postmortem 
autolysis had been given an opportunity to 
occur through one or 2 days of storage of the 


killed animals at refrigerator temperature. 


When fresh livers were used, there was often 
an increased amount of tissue debris in the 
original homogenate and a tendency for the 
eggs to agglutinate or become enmeshed with 
tissue particles so that separation was in- 
complete. It may be, however, that the use 
of stale livers, or the passage of the eggs 
through glucose, may alter the eggs in their 


ISOLATION OF Schistosoma mansoni Eccs 


suitability for tests other than those which 
we used. Livers with appreciable amounts of 
fat were generally unsuitable. 

Summary. A simple procedure has been 
outlined for isolating Schistosoma eggs from 
host liver tissue by a combination of 
comminution, filtration, and sedimentation 
through a viscous medium (sucrose). The 
resultant purified eggs retain certain normal 
qualities tested such as morphological integ- 
rity, hatchability, acid-fastness, ability to re- 
act with circumoval precipitins in immune 
serum, and ability to incite tissue reactions 
when injected into experimental animals. The 
procedure also provides for a degree of sepa-_ 
ration of fully mature eggs from other types, 
and for microscopic observation and some 
degree of control of the separation process. 
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In vivo Release of Radiocarbon from Labeled Ehrlich’s Ascites 


Carcinoma Cells. 


(22613) 


Kivirt Mo.LpAveE. 


Department of Biochemistry, Tufts University School of Medicine, Boston, Mass. 


The relationship between tumors and their 
host tissues, particularly with respect to pro- 
tein metabolism, has been the subject of nu- 
merous investigations(1-4). Recently, iso- 
topic experiments have been reported in 
which the administered isotope was confined 
to the transplanted tumors themselves(5,6). 
These studies have suggested that protein 
metabolism in tumors is essentially, though 
not strictly, a one-way, passage. Babson and 
Winnick(5) transplanted Walker carcinoma 
tissue labeled with tyrosine or leucine-C1+ 
into rats. A rapid initial loss of radioactivity 
was observed during the first day, resulting 
from cell breakdown during fragmentation 
and from initial autolysis. A small but sig- 
nificant amount of the remaining radioactiv- 
ity was released in each of the following 5 
days. Greenlees and LePage(6) injected TA 
3 ascites cells, labeled im vivo with C14-gly- 
cine, into the peritoneal cavity of normal 
mice. Radioactivity was released from the 
tumors with 9% appearing daily in various 
organs, urine and respiratory COs. The trans- 
fer of radioactivity from the tumor to the 
host tissues suggested that the loss of isotope 
from the tumor cells was continuous and 
regular. Since the tumor proteins were not 
separated and analyzed in these experiments 
(6) and radioglycine is known to contribute 
C'* to the lipides and nucleic acids, an ex- 
change between the neoplasm and its host 
strictly with regard to amino acids cannot 
easily be interpreted. 

In the present /study, the release of radio- 
active protein from Ehrlich’s mouse ascites 
carcinoma cells labeled with C1*-leucine was 
investigated. Radiocarbon from leucine is 
incorporated primarily into the proteins; 
however, since some of the radioactive 
products from leucine were taken up by the 
lipides and nucleic acids, analyses of these 
components are also presented. 

Experimental. Ascites cells labeled with 


radiocarbon were prepared in vivo by intra- 
peritoneal injections of leucine-2-C' into 
mice bearing a 4-day-old ascites tumor. One 
mg of radioleucine with a specific activity of 
approximately 4.5 x 10° counts per minute 
(C.P.M.) per mg was injected per mouse. 
The radioactive cells were recovered 48 hours 
after injection of the isotope, separated from 
the suspending ascitic fluid by centrifugation, 
and resuspended in 10 volumes of Krebs- 
Ringer-Phosphate buffer solution, pH 7.4. 
Aliquots of 1 ml of the cell suspension were 
injected into the peritoneal cavity of normal 
mice. At the end of the experimental period 
the cells were recovered with the use of sev- 
eral 0.9% saline washes and separated by 
centrifugation. 

The acid-soluble (TAS), lipide, nucleic 
acid and protein fractions were obtained by 
the procedure of Hurlburt and Potter(7) as 
modified by Tyner e¢ al.(8). Duplicate ali- 
quots from all samples were plated directly 
and counted with a gas-flow tube. Proteins 
were plated from a suspension in ethanol- 
water. A minimum of 4,000 counts were 
taken and the appropriate self-absorption cor- 
rections applied. 

Results. The recovery of labeled trans- 
planted tumors removed from the animal 
about 15 minutes after inoculation is pre- 
sented in Table I. Approximately 20% of 
the administered radioactivity could not be 
recovered immediately after inoculation. Such 
losses, probably due to manipulation, experi- 
mental technic, etc., were consistent but 
greater than the 8% observed by Greenlees 
and LePage(6). In all of the following ex- 
periments, one animal was sacrificed immedi- 
ately after inoculation and recoveries at sub- 
sequent times are expressed as per cent of the 
radioactivity recovered after 15 minutes. 

Table II summarizes the results obtained 
with radioactive ascites cells maintained in- 
traperitoneally for 24 and 48 hours. Consid- 
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TABLE I, Revovery of Radioactivity from Labeled Ascites Cell Transplants Withdrawn Dn- 
meidis ately after Tnoeulation.* 


Withdrawn 


Fraction Original in 15 min, 
TAS 4180 3, 175 
Lipides O40 1,020 
Nuelete acids 2140 1,750 
Proteins 90,200 72,000 


* Total CPA, per fraction. 


erable tumor growth occurred as shown by the 
increase in the weight of tumor protein recov- 
ered. The lipides did not change consistently 
or significantly in any of the experiments. 

Twenty-four and 45% of the radioactivity in 
the nucleic acid and protein fractions respec- 
tively was lost from the tumor during the 
first day. Less than 10% of the remaining 
radioactivity in either of these 2 fractions was 
lost during the 2nd day. The release of iso- 
tope from the ascites cells is considerably 
slower and constant between the 2nd and the 
Sth day (Fig. 1). After a rapid initial loss 
during the first day, an average decrease of 
about 8% per day was observed in the-nu- 
cleic acids and proteins recovered. The pos- 
sibility that the marked loss of radioactivity 
during the first day may have been due to a 
reaction of the host against the inoculated 
tumor, resulting in a destruction of tumor 
cells, was tested by transplanting the labeled 
tumor into a mouse already bearing a tumor. 
Three days after inoculation of a mouse with 
0.2 ml of an unlabeled tumor cell suspension, 
the isotopic ascites cells were injected. An ali- 
quot of the labeled preparation was injected 
into a non-tumor-bearing mouse at the same 
time. The results are shown in Table ITI. 
No significant differences were found in the 
release of radioactivity from the 2 inocula. 
Qver 30% of the C™ in the nucleic acids and 
proteins of both tumors was lost during the 
first 24 hours. This rapid initial release may 


f Exp. B 
% Withdrawn % 
reeerered ” riginal in ls min, recovered 
76 1,080 745 69 
— 216 200 93 
$2 459 354 WZ 
80 13,400 10,600 v 
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PER CENT ACTIVITY RECOVERED 


DAYS 


FIG, 1. Recovery of radioactivity in various frae- 

tiens of labeled tumor transplants maintamed in- 

traperitoneally for 3 days. Values are expressed 

as % of activity recov ered 15 min, after inoeula- 
tion, 


reflect the metabolic behavior of the trans- 
planted cells. The possibility exists that a 
number of the cells in the preparation may be 
incapable of survival and growth, may auto- 
lyse, and are thus lost from the transplant 
soon after inoculation. Babson and Winnick 
(5) found that between the 2nd and the 5th 
day, the actively growing isotopic tumor 
transplants in their experiments released ap- 
proximately 8% per day of the initial radio- 
activity administered. The authors cite as a 
possible criticism of their experiments that 


TABLE II. Reeovery of Radioactivity from Labeled Transplants Maintained for 2 Days. 


——TAS——_.__ Lipides — Nueleie acids — Proteins 
% % fe We of pro- 
Time CPM. recovered CPM. Cc PM. recovered C.P.M. recovered tein (mg) 
15 min. 3,175 1,020 1,750 72,000 23.9 
24 hr 2490 7s 1,250 1,320 Té 40,000 35 79.6 
48° 1,860 69 1, ne 1,205 69 37,200 a2 90.2 
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TABLE III. Influence of Pre-Existing Tumor on Release of Radioactivity from Labeled 
Transplants.” 


-———_ Normal mice, 


7—— Tumor-bearing mice——, 


Nuclei¢ Nuclei¢ 
Time, hr TAS acids Proteins TAS acids Proteins 
24 ice hes,. 60 i Sie TR 68 
48 45 61 55 39 


60 64 


* Recoveries of radioactivity expressed as % of 15 min. values, 


since the most rapid growth occurs at the 
periphery of the tumor, the original trans- 
planted portion would probably be the first 
to become necrotic. Very little necrosis was 
observed however. Greenlees and LePage 
(6) found that labeled TA3 ascites cells re- 
leased 10 to 20% daily of the radioactivity 
originally present. These workers present 
analyses of the combined lipide, nucleic acid 
and protein fractions from the recovered cells 
which showed a loss of 11% of the C™ on the 
first day and 60% in 2 days. The extent to 
which C is released from any of these com- 
ponents and thus contribute to the body pool 
cannot be estimated from this data. The 
present report indicates that actively grow- 
ing Ehrlich’s ascites cell proteins release 
about 8% of their radioactivity per day dur- 
ing the 2nd to the 5th day period. 

The data presented here and that quoted 
above suggest that a small but significant 
exchange exists between the proteins of the 
tumor and its host. The possibility exists 
that the failure to recover all of the adminis- 
tered isotope may be due not to the metabolic 
release of labeled constituents from the as- 
cites cells but to the loss of cells due to 
autolysis, 

Summary. Ascites cells labeled with radio- 
carbon from leucine-2-C' were injected into 
mice. The amounts of radioactivity remain- 
ing in the acid-soluble, lipides, proteins and 


nucleic acids of the transplants for periods up 
to 5 days was measured. A marked loss of 
C™ from all of these’ components occurred 
within the first day but did not appear to be 
due to a reaction of the host against the inocu- 
lated cells. Between the 2nd and the 5th day 
a small but significant amount of the C™% in 
the proteins and nucleic acids was lost per 
day. These results suggest that the transfer 
of labeled nitrogenous constituents from the 
tumor to the host tissues occurs to some ex- 
tent. The possibility that these results may 
be due to the destruction of the cells must 
also be considered. 
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Effect of Levan on Transmitted Mouse Leukemia and on Ehrlich Ascites 
Tumor Implants.* (22614) 


L. J. BRENNER, W. B. WENTZz, AND E. E. EcKEr. 


Institute of Pathology, Western Reserve University, Cleveland, Ohio. 


Evidence is accumulating that leukemia in 
mice may be caused by a filtrable, submicro- 
scopic agent, presumably a virus(1).  Pille- 
mer e¢ al. reported that the complement- 
properdin system neutralizes and inactivates 
some viruses(2), and that native levan and 
other high molecular weight polysaccharides 
alter properdin levels im vivo(3). Hestrin 
et al.(4,5) suggested that the infection-pro- 
moting activity (IPA) of native levan, in- 
jected intravenously or intraperitoneally into 
mice having an intraperitoneal infection, may 
result largely from an extraperitoneal inter- 
action between levan and host. Davies and 
co-workers(6) suggested that this IPA is also 
related to an endothelium sealing activity 
(ESA) on the part of the large polysaccharide 
molecules, which, circulating in the blood, 
enter into the interstices of capillary endo- 
thelium and alter its sieving characteristics 
toward colloids in an area of inflammation. 

Because of (a) the reported anti-viral ac- 
tivity of the complement-properdin system, 
(b) the IPA of native levan, and (c) the pre- 
sumed viral etiology of mouse leukemia, the 
effects of a properdin-lowering substance, 
levan, on the course of transmitted leukemia 
was studied. 

Based on one preliminary experiment(7) 
there is some indication that the lowering of 
the properdin level by high molecular weight 
polysaccharides may facilitate transplantabil- 
ity of the Ehrlich Ascites Tumor. In view of 
this and of the phenomenon of ESA, it was 
desirable to know if levan injected intraven- 
ously would either interfere with the passage 
of nutrients to a rapidly growing tumor, thus 
inhibiting the establishment of the tumor, or 
as Koprowski(7) has indicated, facilitate the 


* This work was supported by research grants from 
The American Cancer Society, Cuyahoga Unit, The 
Elsa U. Pardee Foundation and U. S. Public Health 
Service Grant No. C-2542 M & G from the National 
Cancer Institute of the National Institutes of Health. 


establishment of the tumor. In addition, the 
direct action of levan on the Ehrlich Ascites 
Tumor cell was studied by observing the ef- 
fect of injecting a mixture of levan and tumor 
cells subcutaneously or intraperitoneally. 


Methods. (a) Leukemia: Male C58 mice, 
age 2 months, were used. Eleven mice (Group 
A) were injected intraperitoneally with 5 mg 
of levant dissolved in 0.15 M NaCl solution. 
Group A and 11 control mice (Group B) then 
received intraperitoneally 0.3 ml of a suspen- 
sion of lymph nodal cells 25,000 to 30,000/ 
mm*) from a leukemic C58 mouse. The cells 
were obtained from a mesenteric lymph node 
by teasing with forceps and probing needles. 
The cells were then suspended in a balanced 
physiologic buffer solution and the suspension 
was finally filtered through an electron micro- 
scope grid mesh. The mice of Group A re- 
ceived intraperitoneally 5 mg of the levan 
solution every fourth day until palpable peri- 
pheral lymph nodes were observed.  Includ- 
ing the initial injection, 3 injections of levan 
were given. 

(b) Ehrlich Ascites Tumor: Female or 
male CFW mice, generally 6 to 8 weeks old, 
were used, 

I. Experimental mice received by tail vein 
5 mg of the levan solution. Two to 5 hours 
later these mice and the controls received sub- 
cutaneously 0.3 ml of a suspension of Ehrlich 
Ascites Tumor cells. The tumor cells were 
obtained from the peritoneal cavity of mice 
7 to 9 days after implantation. Thereafter, 
the experimental animals received one injec- 
tion of levan 4 days later, one group by tail 
vein, another group, intraperitoneally. In the 
final experiment of this series one group of 
11 mice received one levan injection by tail 
vein 4 days later and 10 mice of another 
group received the levan by tail vein daily 
for 1 to 4 days. 


t Levan (“Hestrin IV’) was kindly donated by Dr. 
Louis Pillemer. 


LEVAN: EFFECT ON TUMOR TRANSPLANTATION 


TABLE I. Effect of Levan on Establishment of 
Solid Phase Tumors in CFW Mice Receiving Ehr- 
lich Ascites Tumor Cells Subcutaneously.* 


Levan on 4th dayt 


Exp. Controlst iPeroute.- IV. route 
a 4/4 6/6 Not done 
2 6/6 6/6 5/5 
3 Uf 6/6 5/5 
Levan by I.V. route 
On days On days 
On4thday land4 1,2,3,4 
4 12/12 a ata 3/3 7/7 


* All mice initially given levan by tail vein, fol- 
lowed by subeut. inj. of tumor cells. 

t+ Numerators = No. of tumors. Denominators = 
No. of animals in each group. 

t No. of days after initial injection. 


II. An aliquot of a suspension of the tu- 
mor cells was mixed with an equal volume of 
the levan solution and immediately injected 
into mice either subcutaneously or intraperi- 
toneally. A second aliquot of the tumor cell 
suspension was mixed with the levan and, 
after 5 minutes, was similarly injected. Con- 
trol mice received only the tumor cells, either 
subcutaneously or intraperitoneally. There 
were 5 mice in each of these 6 groups. 

Results. (a) Leukemia: Palpable peri- 
pheral lymph nodes began to appear in both 
control and levan-treated mice 7 days after 
the injection of the suspension of leukemic 
cells. Two days later one levan-treated mouse 
was dead and all the remaining 21 mice had 
palpable peripheral lymph nodes. The levan- 
treated mice all died 9 to 13 days after the 
injection of cells, while the controls died 12 
to 16 days'after the injection of cells. 

(b) Ehrlich Ascites Tumor: I. From Table 
I it can be seen that the injection of levan did 
not inhibit the formation of tumors: All mice, 
control and levan-treated, developed tumors 
at the site of inoculation of the Ehrlich As- 
cites Tumor cells. All of these animals were 
kept 2 weeks or longer. No tumors were ob- 
served to regress. In addition, there was no 
apparent enhancement of tumor formation. 

Il. The direct mixing of levan and the 
tumor cells and their subsequent injection, 
immediate or delayed, did not prevent tumor 
growth in any of the mice injected either by 
the subcutaneous or intraperitoneal routes. 
All subcutaneously injected mice developed 


tumors at the site of inoculation. One of the 
levan-treated mice died 7 days after the in- 
jection. It had a small tumor at the site of 
inoculation. The remaining 14 mice were 
sacrificed 54 days after the injection and no 
tumor was observed to have regressed. Of 
the 15 mice receiving the intraperitoneal in- 
jection, 14 developed ascites and died from 
9 to 26 days after the injection, which is not 
uncommon among CFW mice used for serial 
transfer of this tumor. One mouse had been 
killed 7 days after the injection and its tu- 
mor cells served as seed for serial transfer. 
In Table II are the survival times of the mice 
of the 3 groups. 

Discussion. (a) Leukemia: In this lab- 
oratory the transmission of leukemia in C58 
mice has always been 100% successful. Since 
mice injected with the same suspension of leu- 
kemic cells may succumb to leukemia over a 
period of 7 days or more, the slight difference 
in the times of death of the controls and 
levan-treated animals is not considered sig- 
nificant. From this experiment it is apparent 
that the course of the leukemia was not al- 
tered by the levan. 

(b) Ehrlich Ascites Tumor: This tumor 
had been implanted by intraperitoneal injec- 
tion 59 times in CFW mice prior to the begin- 
ning of these studies. It was introduced in 
this laboratory by one of the authors 
(W.B.W.) after it had been maintained for 
several years in the Stocker strain of Swiss 
Albino mice. After subcutaneous injection 
into CFW mice the ascites cells give rise to 
solid phase tumors at the site of inoculation. 
During the course of these experiments 126 
mice, including the 78 listed in Table I, were 
injected subcutaneously with Ehrlich Ascites 
Tumor cells. One hundred and fourteen 
(90%) mice developed tumors, while 12 mice 
failed to develop tumors. None of these tu- 
mors was observed to regress. Since tumor es- 
tablishment was not inhibited by the levan, 
whether injected independently of or after 
direct contact with the tumor cells, it would 
seem that the postulated ESA of the levan 
had no effect on tumor development in this 
study. The effect of repeated levan injec- 
tions on the properdin level is unknown. 
From Table I it is seen that the results were 
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TABLE II. Time of Death, after Intraperitoneal 
Injection, of Mice Bearing the Ehrlich Ascites 


Tumor. 

Mouse Days after inj. 
Control ie 

a 9 
A 15 
Control 16 
A 16 
A 16 
B 16 
B 16 
B 18 
A 18 
B 20 
B 20 
Control 20 
A 21 
Control 26 


* Killed. Used as seed for serial transfer. 
A = Levan-cell mixture inj. immediately. 
iVSatree Y 2 ” after 5 min. 


the same with 2 to 5 injections (including the 
initial injection) of levan. The incidence of 
successful intraperitoneal transmission of the 
Ehrlich Ascites Tumor in CFW mice is 
greater than 98% in this laboratory: Of 271 
mice used for its serial transfer not more than 
3 unsuccessful transfers have been encoun- 
tered and none since the forty-sixth transfer. 
Because of this high incidence of successful 
transfers, this form of the tumor was con- 
sidered satisfactory for study of the effect of 
levan on tumor cells after direct mixing. 


PLATELETS AND ACTIVITY OF SEROTONIN 


Since survival times of the mice in the 2 ex- 
perimental groups listed in Table II were not 
prolonged as compared to the controls, it 
would appear that the levan did not prevent 
the establishment of the ascites form of the 
tumor. 

Summary. Injections of levan intraperi- 
toneally into C58 mice did not alter the 
course of transmitted leukemia. Levan in- 
jected by tail vein or intraperitoneally failed 
to inhibit and did not apparently enhance es- 
tablishment of a solid phase tumor at the site 
of inoculation of Ehrlich Ascites Tumor cells. 
The direct action of levan on the tumor cells 
injected immediately or after a 5 minute de- 
lay did not result in inhibition of either solid 
phase tumors or the ascites tumor. 
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Platelets XVIII. Relationship of Platelets to Activity of 5-hydroxytryptamine 


Creatinine Sulfate.* 
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Joseph Stanton Memorial Research Laboratories, St. Elizabeth's Hospital, and the Department of 
Medicine, Tufts University School of Medicine. 


It was originally thought that 5-hydroxy- 
tryptamine creatinine sulfate (5-HT) is an 
intimate constituent of platelets(1,2). This 
concept has more recently been revised to 
show that, like other factors(3), 5-HT may 


* Supported by grants-in-aid H-2131 and H-2132 
from the National Institutes of Health. 
+ Damon Runyon Cancer Research Fellow. 


+ Established Investigator, American Heart Assn. 


be only absorbed to platelets(4). | However, 
the exact role of platelets in the metabolism 
of 5-HT remains controversial. 


We have recently shown that 5-HT has a 
powerful local venopressor effect. Thus, 
measurement of local venous pressure is a 
simple and reliable method, detecting as little 
as 0.3 y/5-HT administered in 1 minute time 
(5). In an effort to elucidate the relationship 


lie 


- different subjects. 


PLATELETS AND ACTIVITY OF SEROTONIN 


between 5-HT and platelets this technic was 
then applied to the study of the effects of in- 
cubation of 5-HT with various platelets prep- 
arations on the activity of the substance. 

Materials and methods. Individuals with 
normal peripheral venous pressure were sub- 
ject of this study. Changes in venous pres- 
sure were evaluated by means of the direct 
H.O manometric method previously described 
(5). Crystalline 5-HTS was diluted in saline 
solution prior to its use or its incubation with 
platelets, platelet products, plasma or serum. 
Human plasma was separated by centrifuga- 
tion from whole blood collected in plastic bags 
containing standard ACD solution; || platelet- 
rich plasma was obtained by centrifuging 
whole blood at 500 rpm/30’/4°C; platelet- 
poor plasma by centrifuging at 3,000 rpm/ 
30’/4°C. Serum was separated by centrifuga- 
tion from whole clotted blood incubated for 6 
hours at 37°C. Platelet suspensions in saline 
solution were prepared as previously described 
(6). Platelets, however, were washed only 
once to limit their damage and greatly concen- 
trated so that platelets from 500 ml blood 
were resuspended in 15 ml of saline only. All 
fractions were obtained and used within 8 
hours after collection of blood. Silicone-coated 
glassware, Arquad 2-C coated needles and 
plastic tubing were used in all experiments 
with platelets. Other technics used are de- 
scribed when appropriate. 

Results. Preliminary observations showed 
that time of incubation was most important 
in determining the effect of various agents on 
the activity of 5-HT. Short and long incu- 
bation experiments were then run in each 
study. All experiments were performed in 4 
(a) Venopressor activity 
of 5-HT after short-time incubation with fresh 
serum, platelet-rich plasma, platelet poor 
plasma and saline suspensions of platelets 
(Fig. 1). One tenth gamma of 5-HT per ml 
was added to each preparation. A solution of 
5-HT containing 0.1 y/ml in physiological 
saline represented the control. Mixtures and 
control were incubated at 4°C for 30’. Fifteen 
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FIG. 1. Effect of short and prolonged incubation 
with intact platelets on venopressor activity of 
Stings 


* A typical experiment. Platelet suspension was 
incubated with 5-HT for 30 min. or 16 hr at 4°C 
(see text). Dotted line shows response to the same 
dose of 5-HT by the same subject. Slight enhance- 
ment of venopressor effect of 5-HT through short 
incubation with platelets remains unexplained (see 
text). 


ml of each preparation were then injected 
over a 5 minute period, at a speed of 3 ml/ 
minute, one single subject receiving all prepa- 
rations to reduce individual variability of re- 
sults. Saline solution was given at the same 
speed between injections for periods of 15 
minutes. Fresh‘ plasma, serum and suspen- 
sions of intact platelets had no venopressor 
activity. Saline solutions of 5-HT, fresh se- 
rum, fresh platelet-rich and _ platelet-poor 
plasma containing 5-HT kept full activity. 
Activity of 5-HT was enhanced after incuba- 
tion with suspensions of platelets (Fig. 1). 
(b) Venopressor activity of 5-HT after pro- 
longed incubation with fresh serum, platelet- 
rich plasma and platelet-poor plasma (Fig. 
1). Mixtures of 5-HT and these various 
preparations were incubated at 4°C for 16 
hours. None of the preparations tested 
showed venopressor activity. A control solu- 
tion of 5-HT kept at 4°C for 16 hours had 
full activity. (c) Interaction of 5-HT with 
various platelet preparations. Once washed 
platelets from 1 pint of blood were resus- 
pended in 15 ml of saline. Following incuba- 


§ Kindly supplied by Dr. John Webb, Upjohn Co., 
Kalamazoo, Mich. 
|| Fenwal Laboratories, Framingham, Mass. 


4 Recent observations in this laboratory have in- 
dicated that stored plasma contains factors able to 
mimic the local venopressor effect of 5-HT. 
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FIG. 2. Venopressor effect of various prepara- 


tions.* 


* (a) Saline solution of 5-HT (0.1 y/ml); (b) 
intact platelets; (¢) ‘‘platelet protein solution’? ; 
(d) supernatant, after incubation of 5-HT and 
platelets (16 hr); (e) ‘‘platelet protein solution’’ 
from platelets previously incubated with 5-HT. 

Avg values from 3 sets of experiments supplied 
data for preparation of this composite chart. In 
actual experiments, longer intervals of time were 
used, and some experiments were carried out on 
different days. 


tion with 1.5 y of 5-HT for 16 hours at 4°C 
mixture was centrifuged at 3,200 rpm/30 
min./4°C. Supernatant was then transferred 
by suction to another container and platelets 
were resuspended by gentle shaking in 15 ml 
of fresh saline solution. Both supernatant 
and platelets failed to show venopressor ac- 
tivity (Fig. 2). To determine whether 5-HT 
had been entirely inactivated, destroyed, or, 
rather, incorporated by platelets, the follow- 
ing experiment was carried out. Two buttons 
of platelets were prepared simultaneously 
from 2 units of 250 ml of blood from the same 
donor. One was dissolved in 15 ml of physio- 
logical saline; the other in 15 ml of saline 
containing 0.1 y/ml 5-HT (total 1.5 y); both 
mixtures incubated for 16 hours at 4°C. In 
each instance, mixture was then centrifuged 
in the cold at 3,200 rpm/30’, supernatant 
separated and platelets resuspended without 
washing in 1 ml of saline. Three ml of ethyl 
ether (which does not remove or destroy 5- 
HT) were added and mixture shaken vigor- 
ously for 5 minutes to obtain disruption of 
platelets(7). Mixture was then centrifuged 
at 3,200 rpm/10 minutes, supernatant ether 
discarded by suction, leaving behind a ‘“‘plate- 
let-protein solution”. An additional reagent 
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in this series of studies was saline solution 
containing 0.1 y/ml. 5-HT, kept at 4°C for 
16 hours. 

All preparations were separately injected in 
healthy individuals with following results 
(Fig. 2): (a) 5-HT solution gave the ex- 
pected venopressor response; (b) protein 
solution from platelets and platelets incu- 
bated with 5-HT gave a slightly less pro- 
nounced but still significant venopressor re- 
sponse. 

Discussion. Fate and function of 5-HT are 
closely related to platelets, but the details of 
this relationship remain somewhat obscure. 
Since the mature platelet cannot form 5-HT 
from its precursor 5-Hydroxytryptophane 
(8), the substance may not be produced in 
platelets. Most commonly accepted theory is 
that 5-HT is produced in the enterochromaf- 
fine cells, then released into the blood stream. 
Absorbed by platelets, it is carried to various 
districts(9). Absorption by thrombocytes 
may represent a system of convection, as well 
as a mechanism of protection for 5-HT, since 
aminoxidases are present in plasma. If im 
vitro experiments with synthetic 5-HT dupli- 
cate the behavior of natural substance im vivo, 
our studies elucidate certain aspects of the 
relationship between 5-HT and _ platelets. 
Short time incubation with fresh serum, 
plasma and platelets did not. inactivate 5-HT; 
long term incubation did. In case of plasma 
and serum, degradation of 5-HT may have 
occurred on long incubation; in the case of 
platelets an alternative explanation offered it- 
self, absorption or binding of 5-HT by throm- 
bocytes. This hypothesis received support 
from some.of our findings, since, following 
prolonged incubation with 5-HT, intact plate- 
lets did not exhibit venopressor effect; 
products of disrupted platelets did. There- 
fore, whatever the nature of absorption or 
binding between platelets constituents and 
5-HT, this was a strong one requiring destruc- 
tion of the integrity of the platelet body. A 
complicating feature of these studies was the 
observation that “platelet protein solution” a 
product of platelet disruption showed signifi- 
cant venopressor effect, without addition of or 
incubation with 5-HT. This suggested that 
platelets contain an appreciable amount of 
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natural 5-HT or, perhaps, of other venopres- 
sor agents. Protein solutions from platelets 
incubated with 5-HT, however, proved to pos- 
sess higher venopressor effect than from plate- 
lets alone, all experimental conditions being 
equal. Presumably, some 5-HT had been ab- 
sorbed or bound by platelets. 


Summary. 1. 5-hydroxytryptamine cre- 
atinine sulfate (5-HT) administered intra- 
venously causes significant elevation of the 
local venous pressure at doses as small as 0.3 
y/min. This effect is not affected by short- 
time incubation with fresh serum, platelet- 
rich and platelet-poor plasma. Incubation for 
16 hours causes destruction of 5-HT activity. 
2. Activity of 5-HT also disappears after in- 
cubation for 16 hours with suspensions of 
washed platelets. Some of the activity, how- 
ever, can be recovered after total disruption 
of thrombocytes. Also a protein solution from 
human platelets exhibits significant venopres- 
sor activity, while intact platelets are inac- 
tive. 3. These findings suggest: (a) presence 
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of natural 5-HT or of substances with veno- 
pressor effect in human platelets; (b) absorp- 
tion of 5-HT by platelets upon incubation; 
(c) strong bondage between 5-HT and plate- 
let constituents. 
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It is known that after intravenous admin- 
istration of sodium salicylate (100 mg/kg 
body weight) ventilation increases secondary 
to both direct respiratory center stimulation 
and elevation in metabolic production of 
CO,; alveolar CO. tension decreases 10%; 
oxygen consumption increases approximately 
70%; arterio-venous oxygen content differ- 
ence increases by 50%; and cardiac output 
is elevated by 20% (1). 

With the above actions in mind, the ques- 
tion arises as to how tissue gas tensions are 
altered. Tissue carbon dioxide may be ex- 


c* Supported in part by a research grant from the 
National Heart Institute, National Institutes of 
Health, Department of Health, Education, and Wel- 
fare. 

t+ Present address: Department of Physiology, Dart- 
‘mouth Medical School, Hanover, New Hampshire. 


pected to follow alveolar air, but the oxygen 
tension in tissues is determined by an exact- 
ing relationship between the tissue metabolic 
demand and its blood supply. The problem 
of measuring gas tensions in tissue was ap- 
proached through construction and analysis 
of subcutaneous depots of gas, a technic de- 
veloped by Campbell(2) and shown to pro- 
vide an adequate estimate of extracellular, if 
not intracellular fluid gas tensions. 

Methods. Gas depots were formed in the 
interscapular region of non-fasting albino rats 
by subcutaneous injection of 20 cc of sulphur 
hexafluoride, an inert gas of high molecular 
weight and low blood solubility. Its pro- 
longed disappearance time facilitated samp- 
ling and in no way interfered with the equi- 
librium tensions of COs and O2(3). Twenty- 
four hours after depot construction, 2 groups 
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TABLE I. Tissue Tensions Albino Rats.* 


CO, tension, O-,tension, 


Stand. error of difference 


Category No. mmHg mm Hg between means 
Control 12 4544.7 492+ 38 CO.tension O, tension 
(41.3-49.2) (44.0-54.0) 
Sodium salicylate, 200mg/kg/24hr 11 346+ .6 43.8412 u 15 
(37.9-49.5) (37.9-49.5) 
3 a , 200 m 10 382+.6 493416 ov — 


(34.8-40.5) (41.2-57.1) 


* Mean yalues + 1 stand. dev., (range in parentheses). 


of rats received sodium salicylate intraperi- 
toneally in divided doses over the next 18 
hours. The third group, controls, received 
no drug. Gas depots were aspirated in all 


” groups 48 hours subsequent to construction 


and analysed for COz and Oz by the Scho- 
lander-Roughton technic(4). At the time 
chosen for analysis, though arbitrary, one 
could anticipate that an equilibrium had been 
achieved between gas tensions in the subcu- 
taneous depot and tissue fluids, but develop- 
ment of fibrous changes in the tissue had not 
occurred(2). No evidence of subcutaneous 
infection was noted in any of the rats em- 
ployed. 

Results. Results are tabulated in Table L 
The fall in CO, tension finds a ready ex- 
planation in the action of salicylate as a pri- 
mary respiratory stimulant. The resultant 
decrease in alveolar (arterial) CO, tension 
will be promptly reflected as an almost equiv- 
alent decrease in venous blood and tissue CO, 
tension. The absolute decrease in both al- 
veolar and tissue tensions will depend on rela- 
tive excess of ventilatory drive initiated by 
salicylate over the action of this drug to in- 
crease metabolic production of CO». The 
significant decrease in tissue Oz tension 
caused by 200 mg/kg/24 hr of sodium salicy- 
late can be explained on the basis of several 
mechanisms acting simultaneously. Of pri- 
mary importance is relationship of regional 
blood flow to tissue metabolism. By the 
Fick principle, blood flow is directly propor- 
tional to oxygen consumption and inversely 
proportional to the arterio-venous oxygen 
content difference. If tissue oxygen tensions 
were to remain constant in the presence of an 
increased oxygen consumption initiated by 
salicylate, increase in blood supply must be 


equivalent to increase in oxygen consumption. 
Any failure of the blood supply to meet this 
demand would necessitate an increase in the 
arterio-venous oxygen content difference and 
thus a fall in venous oxygen tension. Since 
gas in tissues and regional venous blood are in 
equilibrium(5), a fall in tissue oxygen tension 
to at least the same degree will result in each. 
The fall in tissue O» tensions produced by 
salicylate can only mean that there has been 
a relatively greater increase in O2 consump- 
tion by this drug than in regional blood flow. 
The rise in alveolar ventilation responsible 


_ for the decrease in alveolar COs tension will 


result in a simultaneous rise in alveolar oxy- 
gen tension. If the alveolar-arterial O» ten- 
sion gradient remains unchanged, this will 
raise directly the arterial O. tension and ar- 
terial Oz content. However, if there were a 
constant arterio-venous Oz content difference, 
the venous oxygen tension would fall slightly 
because of the effect of COs on the oxygen 
dissociation curve of hemoglobin (Bohr ef- 
fect). This mechanism could however, ac- 
count for only about 3 mm. Hg fall in O2 
tension. 

In the dog, the increase in oxygen con- 
sumption following large doses of salicylate 
may be less pronounced than with smaller 
doses(1) and-metabolic depression with high 
concentrations in vitro has been amply con- 
firmed(6,7,8). The difference in tissue oxy- 
gen tension response to 200 and 300 mg doses 
suggests that the metabolic dose-response pat- 
tern may be similar in the rat. The COs ten- 
sion differences between the 200 mg and 300 
mg doses similarly implies that a dose-re- 
sponse relationship exists for direct stimula- 
tion of the respiratory center. 

Summary. In the rat, sodium salicylate in 
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_ doses of 200 mg/kg/24 hr produced a fall in 
tissue CO. and Oz tensions, effects due to the 
increased alveolar ventilation and relatively 
greater increase of tissue oxygen consumption 
than tissue perfusion. 
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The Schultz-Dale reaction (1,2), which con- 

_ sists of the contraction of smooth muscle from 
an antigenically sensitized animal on re- 
exposure im vitro to the antigen, has a 
manipulative simplicity that makes studies 
of mechanism particularly inviting. The 
mechanisms that have been proposed fall into 
2 overlapping groups: (1) liberation of a 
stimulant such as histamine or acetylcholine 
as a result of the antigen-antibody (3,4,5) and 
(2) involvement of nerve, a possibility that 
has been considered both favorably(6) and 
unfavorably(7,8,9), without very final evi- 
dence either way. The literature concerning 
the effects of pharmacodynamic agents and 
enzyme inhibitors on this reaction gives use- 
ful preliminary information bearing upon 
questions of mechanism, but the data are 
scattered and were obtained under a wide va- 
riety of experimental conditions. Therefore 
a preliminary study was made of the effects 
of a selected group of drugs and enzyme in- 


hibitors upon the reaction, since it seemed 
* Supported by a grant from the Helen Hay Whit- 
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likely that indications might be obtained as 
to which physiological or enzymological sys- 
tems were involved in the reaction. 

Gray, Pedrick. and Winne(10), using 
guinea-pig ileum, found that 0.89 ethyl al- 
cohol blocked the Schultz-Dale reaction, 
which suggested to us that nerve might be 
involved, and further experiments to test this 
possibility were performed. Results that sup- 
port the hypothesis that nerve is involved are 
presented below. 

Materials and methods. Guinea 
weighing about 500 g received intraperiton- 
eally 2.0 mg of crystalline egg albumin on 2 
successive days. After 21 to 24 days, the 
animals were killed, and the ileum was re- 
moved and washed with Tyrode’s solution. 
Portions of the ileum about 15 mm long were 
set up in a muscle bath stirred by aeration 
and arranged for washing by overflow. It was 
found important to keep the lumen open at 
both ends. The bath and all solutions were 
kept at 37.5°C. Contractions were recorded 
with an ink-writing lever that exerted a ten- 
sion of about 0.5 g, and gave an amplification 
of 1:4.5. The usual method of testing the 
effect of a substance of interest upon the ac- 
tion of antigen and other stimulants was to 
add the substance to the bath containing the 
ileum, and after 15 minutes, to add the stim- 
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MECHANISM OF SCHULTZ-DALE REACTION 


TABLE I. Effect of Various Substances upon the Schultz-Dale Reaction. 


Reactivity, in presence of inhibitor, to: 


Acetyl- Histamine 
Antigen choline dihydro- 
Concen- (see text bromide, chloride, 
Inhibitor tration for cone.) 1:2.5%107 1:2.5 x 10° 
A. Metabolic poisons: 
Potassium cyanide .0004 M a -- + 
Sodium azide 0014 M a -- — 
a iodoacetate .00004 M — — aa 
4 fluoride .002 M — os a 
se fluoroacetate 001 M + + + 
Dinitrophenol .0001 mM + + + 
B. Autonomic drugs: 
Atropine sulfate Di O00 _ — + 
Trasentine 1: 11,000 ae oo + 
Hexamethonium bromide 1: 7,000 + + + 
Mytolon chloride 1: 50,000 = + + 
Ephedrine 1: 10,000 = a + 
Epinephrine 1:100,000 ar + ps 
Tripelennamine hydro- 1:100,000 — =e coal 
chloride 
C. Other substances: 
Ethyl] alcohol 1.0% a — + 
n-Butyl alcohol 2% — a + 
Urethane 1.0% —* a +. 
Nuperecaine 1:200,000 —* ~ _ 
Botulinum toxin (See text) — + en 


* Muscle sometimes contracted during subsequent washing with Tyrode’s solution. 


s 


ulant. Ordinarily each stimulant was applied 
only once to a particular portion of ileum. All 
experimental results reported were confirmed 
with several animals. Additional experiments 
in which the order of addition of the stimu- 
lants was changed showed that the results 
were independent of this factor. It was found 
important to remove a stimulating contam- 
inant, apparently ammonium sulfate, from 
the egg albumin before use. This was done 
by dialyzing the egg albumin solutions against 
Tyrode’s solution. As the amount of egg al- 
bumin necessary for a satisfactory response 
varied from one animal to another, the level 
to be used was chosen by first determining 
the minimum concentration of egg albumin 
needed for a just perceptible response, and 
then using 10 times this concentration in the 
tests with this particular animal. 

The experiments with botulinum toxin re- 
quired a slight modification of the usual tech- 
nic. The procedure adopted consisted in in- 
jecting about 2 x 10% units of toxin diluted 
with Tyrode’s solution into the lumen of a 
short length of ileum tied shut at both ends, 
and after 30 minutes at room temperature, 


washing out the toxin, arranging the ileum in 
the muscle bath, and then performing the 
tests with antigen or other stimulants. The 
toxin used was a type D preparation kindly 
furnished by Dr. George G. Wright, of Camp 
Detrick, Frederick, Md., and was stated to 
contain 10° mouse units per ml. A recheck 
of this figure after our experiments had been 
completed indicated little or no deterioration. 

Results. Our first approach to the mechan- 
isms by which antigen stimulates smooth mus- 
cle from a sensitized animal was to study the 
effect of a number of enzyme inhibitors upon 
the process. A similar approach to related 
problems has been used by others(11,12,13). 
Our experiments (Table I) showed that in- 
hibitors that block respiration (cyanide, 
azide), other oxidative processes (fluoroace- 
tate, dinitrophenol) and glycolysis (fluoride) 
did not, on short exposure, have an important 
effect upon the ability of antigen to cause 
contraction of smooth muscle from sensitized 
animals. Neither did these substances, under 
similar conditions, alter contraction due to 
acetylcholine or histamine. These results led 
us to a tentative working hypothesis that res- 
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piratory and glycolytic processes do not form 
part of the main chain of events in the 
Schultz-Dale reaction, although they are un- 
doubtedly essential to the integrity of the 
tissue and to the recovery process following 
contraction. 

The effect upon the contraction that results 
from antigen, acetylcholine, and histamine of 
a number of pharmacodynamic agents known 
to alter the activity of smooth muscle was 
also investigated. These results (Table I) 
generally confirm the numerous reports in 
the literature, and were useful in interpreta- 
tion of data described in a later paragraph. 

During this work certain observations led 
us to suspect the existence of a step involving 
nerve as a part of the reaction: 

(1) During storage of ileum that had been 
removed from animals, ability to be stimu- 
lated by antigen was lost sooner than ability 
to be stimulated by acetylcholine or hista- 
mine. This behavior seemed to indicate a 
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FIG. 1.* A. Effect of ethyl alcohol upon Schultz- 
Dale reaction. B. Effect of n-butyl alcohol upon 
Schultz-Dale reaction. 


* Abbreviations used in figures are: EtOH, ethyl 
alcohol, 1.0%; HA, egg albumin, 1:2.5 x 10°; 
Hist, histamine dihydrochloride, 1:2.5 X 10°; 
BuO8H, n-butyl alcohol, 0.4%; Ur, urethane, 1.0% ; 
Min, time in min. The recording drum was stopped 
for 15 min. immediately following each addition 
of an alcohol or of urethane. 
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FIG. 2.* A. Effect of urethane upon Schultz-Dale 

reaction. B. Effect of type D botulinum toxin 

upon Sehultz-Dale reaction. Lower tracing was ob- 

tained with ileum treated with botulinum toxin as 
described in text. 


* Abbreviations: See footnote Fig. 1. 
longer chain of events in the antigen stimu- 
lation. Because of the well-known lability of 
nerve, this hinted that some nervous element 
might be involved in the process as a whole. 

(2) Iodoacetate (0.0004 M) had much the 
same effect as aging. This also seemed to 
point to a chain of events involving nerve. 

(3) The results obtained with the various 
pharmacodynamic agents listed in the table 
were at least consistent with a mechanism in- 
volving nerve. 

An attempt was therefore made to deter- 
mine whether substances known to block 
transmission in nerve were capable of block- 
ing the Schultz-Dale reaction. It was found 
that ethyl alcohol (1.0%) and n-butyl alco- 
hol (0.2%), blocked the Schultz-Dale reac- 
tion, but did not affect contraction due to 
acetylcholine and histamine (Fig. 1, A and 
B). Nupercaine and urethane (Fig. 2, A) 
also blocked the contraction resulting from 
antigen, but when the bath fluid was being 
replaced with fresh Tyrode’s solution, con- 
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traction sometimes took place. Nupercaine 
and urethane did not alter the effects of 
acetylcholine and histamine. 

These narcotics and anaesthetics are prob- 
ably not very specific in their action, but seem 
to be able to block transmission in different 
kinds of nerves rather unspecifically (14,15), 
and it seemed desirable to locate the site of 
action more exactly if possible. The nervous 
structure involved in stimulation of contrac- 
tion of the ileum includes preganglionic fibers 
that enter ganglia of Auerbach’s plexus, 
whence postganglionic fibers lead to nerve 
endings associated with the smooth muscle. 
Preliminary evidence that the site of stimu- 
lation by antigen may be the postganglionic 
fibers was the observation (Table I) that the 
Schultz-Dale reaction remains unchanged in 
the presence of agents that block at the gan- 
glia, hexamethonium bromide and benzoquin- 
onium (Mytolon). 

As Ambache(16,17) and others(18,19,20) 
haye demonstrated, there exists a substance 
with a very specific paralyzing action ‘upon 
postganglionic cholinergic fibers, namely, 
botulinum toxin. Studies with the type D 
toxin showed clearly that the antigen acts by 
stimulating the postganglionic fibers, since the 
toxin blocked the Schultz-Dale reaction, but 
not stimulation by acetylcholine (Fig. 2, B). 

The ability of the toxin to suppress stimu- 
lation by histamine was highly variable. 
Sometimes the toxin suppressed stimulation 
by histamine rather markedly, (Fig. 2). In 
other experiments, little suppression was ob- 
served. Ambache(17) has recorded similar 
observations with rabbit ileum. It would ap- 
pear that either the toxin penetrates to the 
histamine receptor sites to a different extent 
in different tissue samples, or that histamine 
stimulates at more than one kind of site. Our 
results as a whole seem to indicate that the 
most likely mechanism for the Schultz-Dale 
reaction involves stimulation of postgangli- 
onic nerve fibers by antigen in the presence of 
antibody, followed by muscular contraction. 
Our experiments thus support the theoretical 
contentions of Campbell(6). 
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Summary. A study has been made of the 
effects of a number of substances upon the 
Schultz-Dale reaction. For the most part, 
results in the literature concerning the ef- 
fects of these substances were confirmed. The 
Schultz-Dale reaction, but not the responses 
due to histamine and acetylcholine, was 
blocked by urethane, Nupercaine, lower ali- 
phatic alcohols, and type D botulinum toxin. 
The results are interpreted to indicate that 
the Schultz-Dale reaction involves postgan- 
glionic cholinergic nerve. 
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It was shown(2) that a single injection of 
acetylpodophyllotoxin-w-pyridinium chloride 
into mice bearing Sarcoma 37 induced marked 
damage in tumors, and that the capacity of 
the damaged tumors to synthesize diphospho- 
pyridine nucleotide (DPN) from _nicotina- 
mide mononucleotide (NMN) was markedly 
reduced. The livers from these animals, how- 
ever, exhibited an increased ability to synthe- 
size DPN. When the tumor tissue had only 
40% of the activity of control tumors, the 
livers from the treated mice had an activity of 
about 130% of the values of the livers of un- 
treated tumor-bearing animals. It should be 
noted, however, that this capacity to synthe- 
size DPN is still less than that of livers from 
non-tumor-bearing, untreated animals; in un- 
treated mice the presence of week-old Sar- 
coma 37 lowered ability to synthesize DPN 
by about 50%. The synthetic activity with 
respect to DPN in livers from tumor-bearing 
mice decreased(2) rapidly to about the fourth 
day after tumor transplantation; by the sixth 
day about half of the activity had disap- 
peared. These studies have now been ex- 
tended to other tumors and tissues. 


The present report deals with the DPN- 
synthetic capacity of livers from animals bear- 
ing a variéty of transplanted tumors and the 
extent to which removal of tumor restores the 
DPN-synthetic function. 


Methods and materials. In the first ex- 
periment a group of CAF; mice | (BALB/c 
x A)F,] was inoculated in the tail with im- 
plants of Sarcoma 37. The tumor grew 
slowly; 10 days after implantation, it was 


* Presented in part at the Annual Meeting of the 
Am. Assn. for Cancer Research, Inc., held in Atlantic 
City (N.J.) April 13-15, 1956(1). 

t+ Visiting Scientist, National Institutes of Health, 
Bethesda, Md. 

t+ National Institutes of Health, Public ~Health 
Service, U. S. Department of Health, Education and 
- Welfare, Bethesda, Md. 


approximately 0.6 cm in diameter. Sarcoma 
37, implanted in the skin of CAF, mice, grew 
to a diameter of approximately 0.6 cm in 6 
days. Lymphoma 1 and Lymphoma 2 also 
were implanted subcutaneously in CAF; mice. 
Leukemia 1210 was implanted subcutaneously 
in CDBA hybrids [(BALB/c x DBA/2)F,] 
while [(C3H x C;;BL/6)F,] mice were em- 
ployed for subcutaneous transplantation of 
Hepatoma 129. The ascitic form oi Leu- 
kemia L-4946 was implanted intraperitoneally 
in (C3H x AKR)F, hybrid mice.‘ The rate 
of synthesis of DPN by liver and tumor 
homogenates was followed as described pre- 
viously(2). Blood, drawn directly from the 
heart and homogenized with distilled water 
for enzyme determinations, from both tumor- 
bearing and control animals, was examined 
in the same way. 


Results. Since the livers from mice bear- 
ing Sarcoma 37 showed(2) a decreased abil- 
ity to synthesize DPN from NMN, tumors 
in the tail were removed, surgically, by cut- 


TABLE I. Synthesis of DPN by Livers from Mice 
Bearing 10-Day-Old Sarcoma 37 in the Tail. 


DPN formed/mg liver N/hr 


Control mice Mice bear- Relative 
(mo tumor), ing tumor, activity, 
umoles umoles % 
3 46 25 54 
Q AG 31 67 
48 hr after removal 
of tumor by eaudece- 
tomy on 10th day 
4 49 46 94 
Q A6 46 


100 


Tumor approximately 0.6 em wide. 
Each yalue is the mean of at least 4 separate 
livers. 


§ This tumor arose in Dr. Law’s laboratory on 
11/27/51 in an AKR female mouse from trans- 
planted thymic tissue. It has been carried as a solid 
tumor for several generations by Dr. Law, and also 
has been carried in the ascites form for 90 genera- 
tions. 
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Synthesis of DPN by livers from mice bearing lymphocytic leukemia L-4946 in the 


Sarcoma 37 was implanted in the skin in such 
a way that, after 6 days, it was banana- 
shaped, and approximately 0.6 cm _ wide. 
Here, too, only 65% of the activity of control 
livers was obtained. From another group, 
tumor tissue was removed surgically!l on the 
6th day as completely as possible (nembutal 
anesthesia, 80 g/g), the skin sewed, and 600 
units of penicillin administered to minimize 
infection. Two days later the animals were 
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TABLE II. Synthesis of DPN by Livers from 
Mice Bearing 6-Day-Old Sarcoma 37 in the Skin 
DPN formed/mg liver N/hr 
Control mice Mice bear- Relative 
(no tumor), ing tumor, activity, 
umoles umoles % 
g AB ise fags 65 
Q 49 32 65 
2daysafter 2 days after 
sham removal 
operation of tumor 
g 49 48 98 
co) 50 49 98 


Tumor approximately 0.6 em wide. 

Each value is the mean of at least 3 separate 
livers. 
ting off the tails to determine whether there 
would be restoration of the capacity of the 
livers to synthesize DPN. The findings are 
summarized in the first 2 tables. 

Table I shows that the synthesis of DPN 
by livers from mice bearing 10-day-old sar- 
coma 37 in tail was about 60% of the value 
given by livers from control mice. In all 
these experiments, at least 4 animals were 
employed in each group; the results obtained 
were almost identical within each group and 
hence only the average values are given. 
About 48 hours after removal of the tumor on 
10th day, the enzyme activity of the livers 
returned to normal. 

The results with livers from mice bearing 
intradermal tumors are listed in Table II. 


sacrificed for determination of DPN-synthe- 
sizing capacity of their livers. It was found 
that, after removal of tumor, the enzyme ac- 
tivity of the livers returned to normal. Sham 
operation in control animals had no effect on 
the synthesis of DPN by their livers. These 
experiments were repeated at least 3 times 
each, with excellent reproducibility; hence 
only the mean values are given in Table II. 
Shacter reported(3) that the glutathione 
level in livers from mice bearing lymphocytic 
leukemia L-4946 decreased to about 70% of 
the levels in control livers. Accordingly, bio- 
synthesis of DPN by the livers from mice 
bearing this tumor in ascites form was next 
investigated. Fig. 1 shows the synthesis of 
DPN by the livers of mice bearing lympho- 
cytic leukemia L-4946 ascites with relation to 
the volume of tumor cells. As the total vol- 
ume of the tumor cells! increased, the synthe- 


|| By Betty Achinstein of this laboratory. 


mice. 


DPN-SYNTHESIZING ENZYME 


TABLE IIT, Synthesis of DPN by Homogenates 
of Tumor and of Liver. 


Control mice 


(notumor) Tumor-bearing mice 


Synthesis Synthesis Age of 
of DPN,t of DPN,t tumors, 
Tissues* pumoles umoles days 
Sarcoma 37 = 18 6 
Liver 48 25 
Lymphoma 1 — alg 15 
Liver A8 27 
Lymphoma 2 = 24 15 
Liver 49 34 
Hepatoma 129 ae 25 15 
Liver 42 28 
Leukemia 1210 — 30 6 
Liver A9 35 
Leukemia L 4946 — 16 7 
ascites 
Liver Al 24 


* CAF, [(BALB/c X A) F,] mice were employed 
in groups for control and bearing Sarcoma 37, 
Lymphoma 1, and Lymphoma 2. CDBA hybrids 
[(BALB/e * DBA/,)F,] were used for Leukemia 
1210; [C,H X C,,BL/6)F,] for Hepatoma 129; 
and C,H K AKR F, hybrids for Leukemia L 4946. 

+ Expressed as wmoles of DPN formed/mg N/hr. 


sis of DPN by the livers of the animals de- 
creased; 7 days after transplant, the volume of 
packed tumor cells had increased to 340 ul 
while the capacity of the livers from these 
mice to synthesize DPN had decreased from 
0.40 to 0.24 wmoles DPN formed, 7.¢., a drop 
of 40%. 

Table III summarizes the results on syn- 
thesis of DPN by livers and tumors from 
mice bearing Lymphoma 1, Lymphoma 2, 
Hepatoma 129 and Leukemia 1210. In all 
these cases, the livers from tumor-bearing 
mice showed a 30 to 50% lowered capacity 
to synthesize DPN than livers from control 
The values on the synthesis of DPN 
by the tumors such as Leukemia L 4946, 
Sarcoma 37, Lymphoma 1, Lymphoma 2, 
Hepatoma 129 and Leukemia 1210 were from 
0.16 to 0.30 wmoles DPN formed. In most 
of the tumors the DPN synthesizing activity 
was 70% of that of the livers from mice bear- 
ing these tumors. The tumors from mice 
bearing Leukemia 1210 or Hepatoma 129 


|| We are indebted to Dr. Shacter for furnishing 


- the homogenates of livers from mice bearing L-4946 


in the ascites form and also for providing informa- 
tion on the cell volume of the tumor. 
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showed an activity of 86 and 89% of the ac 
tivity of livers from these animals. 

Fig. 2 summarizes capacity of the blood 
from mice bearing intramuscular Sarcoma 37 
to synthesize DPN. Within 24 hours after 
tumor transplantation, enzyme activity of 
whole blood from mice receiving the implant 
dropped to about 50% of the activity of blood 
from control mice, and remained at this level. 

Discussion. The data presented here ex- 
tend our previous work(2) on synthesis of 
DPN by the livers from mice bearing Sar- 
coma 37. It was found that the livers from 
mice bearing various transplantable tumors, 
such as a Lymphoma, Lymphocytic leukemia 
or a Hepatoma, also showed this lowered ca- 
pacity to synthesize DPN. With ascites tu- 
mor also, as the tumor cell volume increased 
the capacity of the liver to synthesize DPN 
decreased. Surgical removal of the tumor was 
followed by return of DPN synthetic capacity 
of the liver to normal. DPN synthesis by 
blood dropped sharply within 1 day after in- 
oculation of tumor into mice. Preliminary 
experiments on injection of normal tissues, 
such as liver, kidney, spleen or heart, into 


X100 


WITH TUMOR 
WITHOUT TUMOR 


30 


20 


1 2 3 4 5 6 
DAYS AFTER TUMOR TRANSPLANT | 


FIG. 2. Synthesis of DPN by blood from mice 
bearing Sarcoma 37. Range of control values: 
-123-.129 pmoles of DPN formed per mg N per hr. 
The data are given in terms of percentages of the 
control values, 1.e., 
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mice failed to produce inhibitory effect on 
DPN-synthesizing enzyme’ of the blood of 
these animals. Information is also being 
gathered on the effect of transplanted tumors 
on DPN synthesis by tissues other than liver 
or blood. Growing tumors may exert their 
influence on DPN synthesis by systemic 
metabolic competition with other tissues. On 
the other hand, the thesis that the tumor con- 
tains an inhibitor which is transmitted through 
the blood and which blocks its synthetic ca- 
pacity to form’ DPN is also being explored. 
Search is being made for a humoral factor 
either in tumor tissue or in tissues from 
tumor-bearing hosts which may inhibit the 
synthesis of DPN from NMN. 
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Summary. 1. Homogenates of liver from 
mice bearing transplanted tumors (Sarcoma 
37, Lymphoma 1, Lymphoma 2, Leukemia L 
1210, Hepatoma 129 and Leukemia L-4946) 
exhibited a drop of 30 to 50% in capacity to 
synthesize DPN. 2. Surgical removal of 
Sarcoma 37 restored the DPN-synthesizing 
capacity of the livers to the level of livers 
from control mice. 3. Within one day after 
inoculation of tumor into mice, ability of the 
blood to synthesize DPN dropped about 50%. 


1. Waravdekar, V. S., Powers, O., and Leiter, J., 
Proc. Am. Assn. Cancer Res., 1956, v2, 155. 

2 , J. Nat. Cancer Inst., 1956, v17, 145. 

3. Shacter, B., Proc. Am. Cancer Res., 1956, v2, 146. 
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Proteolytic Enzymes. III. Circulating Esterase Activities after Parenteral 


Trypsin and Chymotrypsin in Rabbits.* 


(22619) 


James W. Bastian, R. G. HILL, AnD N. Ercotrt. 


Department of Pharmacology and Chemotherapy, Armour Laboratories, Chicago, IIl. 


The hydrolysis of p-toluenesulfonyl-L-ar- 
ginine methyl ester (TAMe) by trypsin, and 
of acetyl-L-tyrosine ethyl ester (ATEE) by 
chymotrypsin was first reported in 1948(1,2). 
The method used, based on titration of acid 
liberated by hydrolysis of the ester, was rapid, 
relatively accurate, and required low enzyme 
concentrations. We were interested in meas- 
suring circulating enzyme activity after par- 
enteral administration of trypsin and chymo- 
trypsin and chose the esterase method because 
of these advantages. 

Materials and methods. Crystalline prepa- 
rations of trypsin (Armour D-531-157) and 
chymotrypsin (Armour D-530-165) were em- 
ployed. The respective hemoglobin activities 
(3) of these lyophilized preparations were 
1.47 and 0.78 yg tyrosine/ug/minute. Rab- 
bit plasma was prepared by mixing 9 parts of 
blood with 1 part of 3.2% sodium citrate, fol- 
lowed by centrifugation. Imidazole buffer 


* Preliminary report presented at Fed. Am. Soc. 
Exp. Biol., Atlantic City, April 1956, (Fed. Proc., 
1956, v15, 438). 


was prepared by adding 1.75 g imidazole to 
90 ml of 0.1 N HCl. The pH was adjusted 
to 7.4 and the volume brought to 100 ml 
with distilled water. This solution was. di- 
luted 1:10 with saline for use. TAMe, the 
substrate for trypsin, was present in the final 
reaction mixture at a concentration of 0.02 
M. For chymotrypsin, ATEE was used in 
a concentration of 0.006 M. 


Esterase determinations were carried out 
separately at 37°C in a small temperature- 
controlled water bath. Reaction volumes were 
constant at 4.0 ml, and mixing was continu- 
ous with a magnetic stirrer. All determina- 
tions were run at pH 7.4. One ml imidazole 
buffer was added to the reaction mixture ex- 
cept when plasma was present. Saline was 
used as the diluent for all reagents. Rate of 
substrate hydrolysis was measured by deter- 
mining time required at pH 7.4 for liberation 
of an amount of acid neutralized by 0.01 ml 
of 0.1 N NaOH. 


Results. In vitro studies. In the absence 
of plasma, reaction velocity was linearly re- 
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lated to enzyme concentration. The reaction 
rates, expressed in »M acid/min./ug enzyme, 
were 0.45 for trypsin and 0.52 for chymotryp- 
sin. Successive readings for any one deter- 
mination showed rate to be constant with 
time, indicating a zero-order reaction. 


The inhibiting effect of plasma on esterase 
activities of the enzymes was determined as 
follows for both trypsin and chymotrypsin. 
One part of a saline solution of the enzyme 
was incubated at 37°C with 5 parts (v/v) of 
plasma. After a definite time, a 0.6 ml ali- 
quot was transferred to an otherwise com- 
plete reaction mixture for determination of 
esterase activity. Fig. 1 and 2 show the re- 
sults obtained with increasing levels of tryp- 
sin and chymotrypsin, respectively, after a 
2-minute incubation between enzyme and 
plasma. Comparative curves for the enzymes 
in the absence of plasma are also shown. 
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FIG. 1. Relation between trypsin concentration 


and TAMe esterase activity: (©) in absence of 
plasma, and (+) in presence of 0.5 ml rabbit 
plasma. 
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FIG. 2. Relation between chymotrypsin concentra- 

tion and ATEE esterase activity: (Q) in absence 

of plasma, and (A, +) in presence of 0.5 mi plas- 
ma samples from 2 different rabbits. 
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FIG. 3. ATEE esterase activity of 0.5 ml plasma 


samples withdrawn from rabbits treated parenter- - 
ally with chymotrypsin. 


The percentage inhibition appeared to be 
nearly constant at the different enzyme con- 
centrations studied with any given plasma 
sample. However, the inhibition of trypsin 
varied from 58 to 68% using plasma samples 
from 6 rabbits. For chymotrypsin, the range 
was 85 to 93% with plasma samples from 4 
rabbits. 


The effect of increasing incubation time 
between enzyme and plasma was also inves- 
tigated. No significant decrease in esterase 
activity was found to occur within the 2- to 
18-minute interval studied for either enzyme. 

In vivo studies. Circulating esterase ac- 
tivity was investigated in rabbits treated with 
chymotrypsin and trypsin. Chymotrypsin in 
a concentration of 1 mg/ml in saline was ad- 
ministered intravenously to 3 rabbits at a 
dose of 3 mg/kg. Blood samples (1.8 ml 
blood +- 0.2 ml 3.2% sodium citrate) were 
taken by heart puncture before, and at inter- 
vals after injection. These were immediately 
centrifuged for separation of the plasma: .De- 
termination of the esterase activity present in 
0.5 ml plasma was begun approximately 3 
minutes after the heart puncture: Assay con- 
ditions were the same as described previously 
for chymotrypsin. 

One rabbit was treated intramuscularly 
with 10 mg/kg of a commercial preparation of 
chymotrypsin in oil (Chymar). Circulating 
esterase levels were measured as described 
above. 

The results for intravenous and intramuscu- 
lar administration of chymotrypsin are shown 
in Fig. 3. Intravenous administration re- 
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FIG. 4. TAMe esterase activity of 0.5 ml plasma 
samples withdrawn from a rabbit following an 
intravenous injection of trypsin. 
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sulted in a high level of circulating esterase 
activity which decreased with time. Approxi- 
mately 50% of the initial activity was lost by 
30 minutes after the injection. A small 
amount of spontaneous activity was measured 
in plasma samples collected from rabbits prior 
todnjection. An intramuscular injection of a 
relatively high dose of chymotrypsin in oil did 
not detectably raise this level of activity. 

Circulating esterase activity following ad- 
ministration of trypsin was also investigated. 
One rabbit was treated intravenously with a 
dose of 1 mg/kg in a concentration of 0.33 
mg/ml saline. One-half ml plasma samples 
were prepared and assayed for TAMe activity 
using methods already described. The result 
is shown in Fig. 4. 


Intramuscular administration of trypsin 
was studied in 3 rabbits. Doses of 1.5 and 
7.5 mg/kg in saline were given to 2 rabbits 
while a third received 7.5 mg/kg in oil. In 
no instance was any TAMe esterase activity 
detected in blood samples withdrawn from 
these animals. 


Discussion, In vitro experiments showed 
the TAMe esterase activity of 2.5 to 20 pg 
trypsin to be 58 to 68% inhibited by 0.5 ml 
plasma samples from several rabbits. Paral- 
lel experiments with 10 to 100 yg chymotryp- 
sin showed 85 to 93% inhibition of esterase 
activity. These results indicate low inhibi- 
tion of esterase activity compared to inhibi- 
tion of protease activity of these enzymes by 
plasma reported by other workers(4,5,6,7). 
Innerfield(8) reported that trypsin adminis- 
tered intramuscularly was clinically effective 
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as an anti-inflammatory agent. This observa- 
tion has since been confirmed by other work- 
ers(9,10). Later, Miechowski and Ercoli(11) 
working with mice, rats, rabbits and guinea 
pigs found intramuscular chymotrypsin to be 
a highly effective anti-inflammatory agent. 
The mechanism of action whereby these en- 
zymes produce a systemic anti-inflammatory 
effect is not known. On one hand, it seems 
possible that the mechanism could involve a 
prolonged systemic adsorption of the en- 
zymes. Alternatively, the anti-inflammatory 
effect may result from systemic absorption of 
local digestion products produced by enzy- 
matic hydrolysis at site of injection. Because 
of these possibilities we studied circulating 
trypsin and chymotrypsin levels following in- 
jection of these enzymes by the intramuscu- 
lar route in rabbits. The results showed that 
no detectable systemic absorption of trypsin 
or chymotrypsin occurred within the interval 
studied, even though relatively high doses 
were used. While this does not prove that 
systemic absorption of the enzymes is not in- 
volved in the anti-inflammatory effect, it must 
tentatively be considered as evidence against 
this possibility. 

Summary. Inhibition of trypsin and chy- 
motrypsin by plasma has been studied using 
ester substrates. The amount of inhibition 
measured was low compared to that reported 
in the literature using protein substrates, and 
permitted the measurement of enzyme con- 
centrations in plasma of the order of 10 pg/ 
ml. Intravenous injection of trypsin and 
chymotrypsin to rabbits resulted in measur- 
able circulating esterase activity, which per- 
sisted, in the case of chymotrypsin, up to an 
hour after injection. No activity was de- 
tected following intramuscular trypsin, how- 
ever, and no detectable increase over a small 
spontaneous esterase activity was noted fol- 
lowing intramuscular chymotrypsin. Thus, 
it appears that the anti-inflammatory effect 
noted following intramuscular injection of 
these enzymes is probably not mediated by 
their systemic absorption. 
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Propagation of Strain L (Earle) Cells in Agitated Fluid Suspension 


Cultures.* 


(22620) 


Rosert J. KUCHLER AND Donatp J. MercuAnt. (Introduced by W. J. Nungester.) 


Department of Bacteriology, University of Michigan Medical School. 


Several workers, using various technics for 
measuring increases in cell populations, have 
shown that a characteristic growth curve ex- 
ists for mammalian tissue cells cultivated in 
vitro(1,2,3,4). As is true with microbial 
populations, this growth cycle can be sepa- 
rated into 4 major phases: 1) lag phase, 2) 
logarithmic growth phase, 3) stationary phase, 
and 4) logarithmic death phase(2,5). The 
study reported here made use of the rate of 
change of growing cell populations to demon- 
strate the effects of inoculum size, pH and 
serum concentration on strain L mouse fibro- 
blasts in agitated fluid suspension cultures. 
It was hoped that an analysis of the growth 
curve would make it possible to establish a 
more efficient system for cultivation of these 
cells, 

Materials and methods. Strain L mouse 
fibroblasts(8) were used in this study. The 
stock strain was grown in stationary cultures 
on the surface of bottles with a capacity of 
250 ml and a surface area of approximately 
56 cm?. Each culture contained 10 ml of 
a nutrient medium composed of 20% horse 
serum, 60% modified synthetic solution 199t 
(9), 20% Hanks balanced salt solution, and 
100 units per ml each of penicillin and strep- 


* This work was supported by USPHS Grant No. 
€2539 (C) from the National Cancer Institute. 

+ Purines and pyrimidines omitted and medium 
sterilized by autoclaving. 


tomycin. The fluid suspension culture method 
(6,7) was used in these studies. In this type 
of culture, 80 ml of medium of the same com- 
position as previously described, and contain- 
ing the desired number of cells, was placed in 
a 250 ml Erlenmeyer flask stoppered with a 
#6 rubber stopper. During incubation such 
cultures were placed on a New Brunswick 
rotary shaker, modified to give a speed of 
100 rpm. Daily or twice daily, counts were 
made from a small sample using a hemocy- 
tometer. Since the cells in such cultures re- 
main in a homogenous suspension, no treat- 
ment was required to disperse the cells prior 
to making the counts. The pH of samples 
taken for counting was determined with a 
Beckman Model G pH meter. For other cul- 
tures used as controls, cells were harvested 
from a stock culture by removing the growth 
from the wall of the bottle with a rubber 
scraper. These cells were evenly suspended 
in the medium by repeated pipetting. A series 
of replicate cultures was set up with an in- 
oculum of approximately 200,000 cells per 
ml by pipetting 10 ml of the cell suspension 
into each of 10-15 bottles, as described for 
stock cultures. The initial pH was adjusted 
to approximately 7.4. Two or 3 of these cul- 
tures were harvested each day, and cell counts 
were made using a hemocytometer. 


Results. When the logarithm, to the base 2, 
of the cell number was plotted against time in 
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days, typical growth curves resulted in both 
stationary and in fluid suspension cultures. 
It could be observed that after a lag period 
of about 2 to 3 days the cells began to divide 
at a logarithmic rate. During the lag period 
pH of the medium dropped from 7.4 to ap- 
proximately 7.0 in the fluid suspension cul- 
ture. A value for the rate of change could be 
calculated in the logarithmic growth phase, 

log Nx2 — log Nx1 

te = ty 

(10), where Nx2 is the number of cells 
at time ts and Nx! the number of cells at time 
t;. This value for strain L mouse fibroblasts 
for both stationary and agitated cultures was 
shown to be approximately 2.5 x 10°. This 
calculation was based on population change 
per hour and would correspond to a genera- 
tion time, for these cells, of about 40 hours. 
Two generations and sometimes 3 could be 
observed in the logarithmic growth phase. 
The apparent maximum cell density for the 
system described was about 1.5 x 10° to 
2 x 10° cells per ml. When cells were removed 
from a culture in the logarithmic growth 
phase and inoculated into fresh medium at a 
pH of 7.4 the culture exhibited a shortened 
lag period (Fig. 1). Other growth character- 
istics were not altered. In these experiments, 
the logarithmic growth phase began when the 
pH of the medium had fallen to approxi- 
mately 7. The rate of growth, generation 
time and maximum cell density appeared to 
exhibit the same characteristics as previously 
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FIG. 1. Growth curve of L strain fibroblasts in 
shake culture, using cells growing at logarithmic 
rate as inoculum. 
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rate as inoculum, and starting at pH 7. 
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Growth curves of L strain mouse fibro- 
blasts varying the initial cell inoculum. 


FIG. 3, 


described. Since pH 7 seemed to be optimal 
for growth in this system, medium was ad- 
justed to pH 7 by equilibrating with COz 
prior to the inoculation of cells. When cells 
growing in the logarithmic phase were inocu- 
lated into this medium, no lag was observed, 
the cells remaining in the logarithmic phase 
of growth with no further pH adjustment 
(Fig. 2). 

With starting inoculums ranging in size 
from 100,000 to 500,000 cells per ml, rate of 
growth in the logarithmic phase was indepen- 
dent of the starting inoculum (Fig. 3). An 
inoculum of 50,000 cells per ml gave the same 
type of curve. Maximum cell density ap- 
peared to be approximately the same for all 
inoculums tested. It was not possible to es- 
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FIG. 4. Growth curves of L strain mouse fibro- 
blasts varying ratio of serum to synthetic medium. 


tablish a significant relationship between in- 
oculum size and the length of the lag phase. 

With variations of serum concentrations 
over the range of 5 to 40%, in a complete 
growth medium, it could be seen (Fig. 4) that 
rate of growth in the logarithmic phase was 
essentially independent of the serum concen- 
tration. The inoculums for this experiment 
were taken from a culture growing in a 20% 
serum medium and in the logarithmic phase 
of growth. There appeared to be a lower 
maximum cell density in the cultures contain- 
ing less serum. It was noted that the appar- 
ent optimum pH for growth during the log- 
arithmic phase varied with the concentration 
of serum in the medium. 

Finally, by starting with cells in the loga- 
rithmic growth phase and adjusting the trans- 
fer interval to a 4 day cycle, conditions of 
steady state growth were approached. The 
cells were continually transferred when they 
were in the logarithmic phase so that cells 
were available at all times for other studies. 
When cultures were handled in this manner in 
20% serum, no shift in pH below 7 occurred. 

These experiments have been repeated, 
using LLCMI strain mouse fibroblasts(11), 
with essentially the same results. 

Discussion. The development of a grow- 
ing population of mammalian tissue cells in- 
oculated into an adequate nutrient medium 
can be divided into a number of successive 
growth phases that are analogous to micro- 
biological culture cycles and can be described 
with the nomenclature of Buchanan(5) and 


Monod(10). Fluid supension cultures of L 
strain mouse fibroblasts, used in this study, 
showed growth characteristics analogous to 
those cited by Rinaldini(2) for chick embryo 
cells and Graham and Siminovitch(1) for 
monkey kidney cells. At least 2 distinct ad- 
vantages of fluid suspension cultures for the 
study of growth are apparent. When such a 
culture is established in the logarithmic phase 
of growth, the cells grow as a uniform, single 
cell suspension and can be sampled at inter- 
vals over a period of time thus eliminating 
the variation which might exist between repli- 
cate cultures. Moreover, cells making up a 
population in the logarithmic growth phase 
are more uniform physiologically than cells 
from other phases of the growth cycle. The 
complete elimination of the lag period by 
careful equilibration of pH at the time new 
medium is added was demonstrated to be pos- 
sible but not too practical under the condi- 
tions of the experiments. A serum concentra- 
tion of 20% was found to be optimal for L 
strain cells under the conditions of these ex- 
periments. While cultures containing lower 
serum concentrations showed the same rate of 
population change during the logarithmic 
growth phase, the maximal cell density was 
significantly lower at 5% serum levels and it 
was more difficult to maintain cultures in the 
lower concentrations over an extended period 
of time. Since growth rate and maximal cell 
density were not appreciably increased at 
higher serum levels, it was felt that 20% 
serum represented the most efficient level in 
terms of utilization of available nutrient ma- 
terials. 

The role of pH in the experiments reported 
here appeared to be complex. It had been 
noted in earlier experiments that pH 7.4 was 
required to assure sticking of L strain cells to 
a glass substrate. When the pH was allowed 
to fluctuate significantly above or below this 
value, many cells failed to attach and re- 
mained floating in the medium. Low pH lev- 
els, however, while they inhibited cell attach- 
ment, did not interfere with the growth of 
previously attached cells. This fact was not 
at first appreciated and it was assumed that 
pH 7.4 was optimal for growth of these cells. 
When attempts were made to establish fluid 
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suspension cultures at pH 7.4, it was found 
that the cells had to adjust the medium to a 
lower pH value before they could begin loga- 
rithmic growth. For medium containing 20% 
serum, this level was pH 7. The pH then 
remained rather constant during the remain- 
der of the logarithmic growth phase and 
dropped more rapidly as the cells entered the 
stationary phase. This phenomenon of ad- 
justment of environmental pH by bacterial 
populations has been adequately described by 
Gale(12). The relationship of this adjust- 
ment to duration of the lag period was illus- 
trated by the fact that no lag occurred in 
cultures started at pH 7. It was further noted 
that one of the possible roles of serum in the 
medium was to act as a buffering agent. In 
this regard it was of interest to note that the 
level at which the pH stabilized during loga- 
rithmic growth was directly proportional to 
the serum concentration. 

Summary. The agitated culture has been 
used in studying the growth cycle of strain L 
(Earle) mouse fibroblasts. From data avail- 
able, it is seen that mammalian cells growing 
in vitro display a growth pattern quite similar 
to that of other microbiological populations. 
Some points which have been studied and can 
now be evaluated are the following: 1) the 
lag period for these cells appeared to be elim- 
inated completely when log-phase cells were 
used as inoculum in media equilibrated to pH 
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7, 2) growth rate appeared to be independent 
of the inoculum size and also independent of 
serum concentration, 3) generation time for 
these connective tissue cells, under conditions 
studied, was approximately 40 hours; 2 gen- 
erations could usually be observed in these 
cultures and saturation concentration in some 
instances reached 2,000,000 cells per ml, 4) 
steady-state cultivation of tissue cells has 
been approached. The results indicated that 
populations could be maintained in such a 
manner, and this problem will be investigated. 
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Equivalence between Vaccinia Particles Counted by Electron Microscopy 


and Infectious Units of the Virus. 


(22621) 


JouHNn R. OvERMAN AND Icor Tamm. 
Rockefeller Institute for Medical Research, New York City. 


In earlier studies on the relation of the 
number of vaccinia virus particles to the in- 
fectious unit variable results were obtained 
(1-3). The lowest average ratio of particles 
to infectious units heretofore reported is 
4.2:1(3). 

Three features of experiments relating num- 
ber of virus particles to the infectious unit are 
most important. Clearly, the method of virus 


titration to obtain the number of infectious 
units must be highly sensitive and repro- 
ducible. Burnet showed that infectivity of 
vaccinia virus suspensions could be deter- 
mined by counting the pocks produced by the 
virus on the chorioallantoic membrane of the 
embryonated egg(4). Such titrations have 
the advantage of expressing infectivity in 
terms of pock-forming units rather than re- 
@ 
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quiring the calculation of a 50% end point. 
Moreover, conditions have been defined under 
which such titrations give precise results(5). 
Secondly, inactivation of virus particles dur- 
ing preparatory procedures should be avoided. 
This is readily achieved with vaccinia virus 
because the infectivity of this virus is rela- 
tively stable. Thirdly, it is mandatory to 
distinguish between the virus particles per se 
and fragments of tissue which might be con- 
fused with the virus. The electron microscope 
provides magnification sufficient for positive 
identification of the characteristic brick-like 
shape of vaccinia virus and minimizes the 
possibility of confusing the virus with tissue 
debris. The present paper reports results ob- 
tained when virus particle counts made in the 
electron microscope were compared to infec- 
tivity titrations made on the chorioallantoic 
membrane of the embryonated egg. 

Materials and methods. Virus. Vaccinia 
virus, initially a calf lymph preparation, ob- 
tained from the New York City Department 
of Health, was passed on the chorioallantoic 
membrane of the embryonated egg for a total 
of 8 passages. Passages were made by the in- 
oculation of 0.2 ml] containing approximately 
1 x 10* pock-forming units (PFU) of stock 
virus onto the chorioallantoic membrane of 
12-day-old eggs. After 3 days of incubation, 
the infected membranes were removed, 
weighed, and buffered saline containing 5% 
inactivated normal horse serum was added to 
make a 10% suspension. Membranes were 
homogenized in a blendor and the suspension 
cleared in an International horizontal centri- 
fuge at 1500 rpm for 10 minutes. The opal- 
escent supernate was stored at —60°C. 

Vaccinia virus titrations. The method used 
for titrations of vaccinia virus has been de- 
scribed previously(5,6). In brief, quarter- 
log dilutions of stock virus were inoculated 
onto the chorioallantoic membrane of 12-day- 
old embryonated eggs and pocks were counted 
after 3 days of incubation. Inocula were di- 
luted so that 3-20 pocks would be produced 
per membrane over a 10-fold dilution range. 
In the calculation of the virus titer, the pock 
counts at each dilution were averaged for 
groups of 5 membranes. These numbers were 
then multiplied by their dilution factors, and 
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FIG. 1. Centrifugation cell as proposed by Sharp 

(7) and built by the Specialized Instruments Corp. 

The present modification includes a stainless steel 

slide which fits in the trapezoidal chamber and to 

which are affixed the collodion-coated copper grids 
(arrow). 


this figure was converted to PFUs per ml. 
The standard deviation of pock counts with 
this technic was approximately 20%. 

Polystyrene latex (PSL). The PSL used 
in all the following experiments was from 
Dow Chemical Co., Lot LS-057A. This sus- 
pension had a dry weight of 10.1%, particle 
density of 1.052 and in 577 visual measure- 
ments had a diameter of 264 mu with a 
standard deviation of 2.3%. The original 
suspension was diluted 1:20 in double dis- 
tilled water to make stock suspension No. 1. 
Over a period of 5 months, 9 dry weight de- 
terminations by a micro-gravimetric method 
gave an average of 5.32 mg/ml. Stock No. 2 
represented a 1:100 dilution of No. 1, and 
Stock No. 3 represented a 1:10,000 dilution 
of No. 1. On the basis of the dry weight 
determinations, Stock PSL No. 3 contained 
5.25 x 10° particles/ml. 

Electron microscope preparations. A modi- 
fication of the method described by Sharp(7) 
was used. Special cells designed to fit in a 
4-hole analytical rotor of a Spinco Model L 
centrifuge were employed. The essential 
parts of the cell are shown in Fig. 1 and are 
similar to those described by Sharp except 
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TABLE I. Recovery of PSL in Modified Centrifu- 
gation Cell. 


Enumeration of PSL* by electron 


microscopy 
Centrifuga- Fields Mean count 
tion run counted per fieldt PSL per ml 
1 {2 One 4.8 X 10° 
2 15 58.5 AiG «o> 
3 12 61.5 By 
4 21 55.5 Aird 


Mean No. of PSL particles/ml by count = 4.9 X 
10° 

No. of PSL particles/ml determined from dry wt 
= 5.25 X 10° 

% recovery (dry wt = 100%) = 93.3% 
* PSL = Polystyrene latex. 


t Counts adjusted to an area of uniform size (see 
text). 


for the bottom metal slide on which collodion- 
coated electron microscope grids are affixed 
with glue.* Fluid to be examined was in- 
jected into the assembled cells. The precise 
final volume in the cell was determined gravi- 
metrically. The particles were sedimented 
directly onto the collodion-coated wire mesh. 
After the run the grids were removed from the 
slide, shadowed, and examined in the electron 
microscope. 

Results. Before undertaking studies with 
the virus, it was important to determine 
whether, with the cell modification described, 
accurate particle counts could be obtained 
after sedimentation. Calculations indicated 
that sedimentation of PSL would be com- 
pleted after centrifugation at 6100 g for 23.4 
minutes. However, for additional certainty 
runs were made at 15,750 g for 45 minutes. 

In Table I are presented the results of 4 
runs with PSL stock suspension No. 3. In 
each run 12-21 fields were photographed at 
random at the approximate magnification of 
10,000. The precise magnification was deter- 
mined for each photograph on the basis of the 


value of 264 my for the diameter of PSL par-’ 


ticles, and the area of the field photographed 
was then calculated. It is apparent from the 
recovery values of PSL sedimented directly 
onto the collodion-coated screen that the 
method employed was as accurate as the 


* Scotch masking tape No. 202 was placed in xylol. 
The solution of adhesive material thus obtained was 
used. 
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methods used by Sharp(8). In the present 
study recovery was 4.9 x 10° by count with a 
suspension which contained 5.25 x 10° par- 
ticles per ml by dry weight. Many fields were 
examined on the microscope screen to deter- 
mine distribution of the PSL particles. Dis- 
tribution appeared to be uniform in all areas. 
Analyzed statistically, the variation in the in- 
dividual counts was indicated by the standard 
deviations of 14, 20, 16, and 54% for runs 
1-4 respectively. 

Since these results indicated that this sim- 
plified method of making electron microscope 
preparations gave reproducible results with 
the PSL particles, experiments were designed 
to adapt this to vaccinia virus suspensions. 
The 2 stock vaccinia preparations (1 and 2) 
were titered for infectivity on the chorioal- 
lantoic membrane of embryonated eggs. The 
results are presented in Table II. 

Various methods were used in attempts to 
purify the virus, but although considerable 
purification could be accomplished as far as 
obtaining the virus free of debris, loss of virus 
was great enough to make the methods im- 
practical for present purposes. The following 
procedure was therefore adopted. The opal- 
escent 10% suspension was diluted 1:100 by 
quantitively pipetting 1 ml into a 100 ml flask 
to which was added 1 ml of PSL Stock No. 2 
and double distilled water to a volume of 100 
ml. This suspension was then used to fill the 
chambers of the centrifugation cells without 
further treatment. These preparations con- 
tained debris, but due primarily to the un- 
usual shape of vaccinia virus, counts were 
possible. Moreover, losses of virus particles 
and inactivation of infectivity were avoided. 
As with the PSL, the virus preparations were 
centrifuged at 15,750 g for 45 minutes, a force 


TABLE II. Titrations of Vaccinia Virus Prepara- 
tions on Chorioallantoice Membrane of Embryo- 
nated Eggs. 


Vaeeinia virus PEFU’s/ml* Mean 
Prep. 1 3.3 X 10° 3.2% 10° | 
35°” : 
2a 3 
Prep. 2 ane 1.4 < 10° 
200. 
3) 2 


* Pock-forming units. 
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TABLE III. Numerical Relation between Pock-Forming Units and Virus Particles. 


Enumeration of vaccinia virus particles 


- by electron microscopy PFU’s/ml* Ratio, 
Fields Mean count Particles by egg PFU’s/par- 

Vaceinia virus counted per field per ml titration ticles 

Prep. 1 20) li ASGe 2.9 X 10° 3.2 X 10° 11 
Prep. 2 

Exp. 1 16 13.0 AOR da” 1.4 
ie ORE 23 8.5 ae hace 2? 2.0 
Mean ratio, PFU’s/particles = 1.5 


* Pock-forming units per ml. 


20 times greater than that needed to sediment 
the virus, calculated on the basis of a sedi- 
mentation constant of 4910 S. PSL was in- 
cluded for precise determination of magnifica- 
tion. 

Table III gives the results of these experi- 
ments. In all experiments counts were made 
on photographs rather than on the electron 
microscope screen. After the grid was placed 
in the microscope, the first field brought into 
focus was photographed and thereafter one 
field of each presenting square was photo- 
graphed. Concentration of virus particles in 


the suspensions used was determined on the 
basis of the number seen per area of the grid 
and the volume of the fluid in the cell meas- 
ured gravimetrically (Table III). Concen- 
tration of virus particles was also determined 
on the basis of the ratio of virus to PSL par- 
ticles in the fields examined and the known 
number of PSL particles per ml ascertained 
gravimetrically. The results obtained with 


the 2 procedures were in good agreement. 

It is apparent from the results obtained 
that the ratio of infectious units to virus par- 
ticles was very nearly 1:1. 


Preparation 1 


FIG. 2. Vaccinia virus stock diluted 1:100 with distilled water to which PSL was added as an 
internal control of magnification. The preparation was lightly shadowed with chromium, This 
field is representative of those obtained with Prep. 2, Exp. 2. P = PSL; V = vaccinia virus. 
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contained more virus than Preparation 2, 
both by particle counts and infectivity titra- 
tions. 


As would be expected, there was consider- 
able variation in the amount of debris from 
field to field. Fig. 2 is a representative field 
obtained with Preparation 2. In this experi- 
ment virus particles were specially well de- 
lineated. Fields containing considerable 
amounts of debris still left the particles dis- 
cernible in most instances in this as well as 
other experiments. No large clumps of virus 
were found although in some instances groups 
of 2 or 3 particles were present. No particu- 
lar association of the particles with debris was 
noted, and no adsorption of the virus onto 
the polystyrene balls was observed. Statisti- 
cal analysis of counts with Preparation 1 
showed a standard deviation of 39%. Runs 
with Preparation 2 gave standard deviations 
of 23 and 31% respectively for the 2 experi- 
ments. 


Discussion. The present studies indicate 
that under the conditions described a single 
vaccinia virus particle initiates infection on 
the ectodermal surface of the chorioallantoic 
membrane of embryonated chicken eggs. 
There is every probability that under various 
experimental conditions the ratio of virus par- 
ticles to infectious unit can change, as indi- 
cated by Parker(9). For example, use of a 
rabbit strain of vaccinia titered for infectiv- 
ity on the chorioallantoic membrane of the 
egg may give much higher particle /infectious 
unit ratios than would the fully egg-adapted 
strain used in the present experiments. The 
advantage of the present modification of 
Sharp’s method is mainly that of simplicity 
and speed. Only a few minutes are required 
to mount the coated grids on the metal slide, 
insert this into the cell and make the run. At 
the end of the run, the grids are ready for 
shadowing and examination. There is some 
question as to whether experiments of the 
type done with vaccinia can be adapted to 
other animal viruses unless considerable puri- 
fication of the virus is accomplished first. The 
shape and density of vaccinia make it difficult 
to confuse vaccinia virus particles with normal 
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tissue components and make the particles dis- 
tinguishable even when they are enmeshed in 
tissue debris. Experiments in this laboratory 
with influenza viruses have demonstrated the 
difficulty of working with unpurified suspen- 
sions when the virus particle in question is a 
sphere without other distinguishing character- 
istics. Work with purified virus suspensions 
utilizing the “spray-gun” technic has yielded 
information on the relationship between in- 
fectious units and virus particles with bac- 
teriophage(10), influenza virus(11), and po- 
liomyelitis virus(12). 

Summary. 1. Studies of the relation be- 
tween ithe number of infectious or pock-form- 
ing units of vaccinia virus and the number of 
virus particles indicate a ratio of 1.5:1 under 
conditions described. 2. A modified centri- 
fugation cell is described with which virus 
suspensions can be concentrated and the par- 
ticles then counted by electron microscopy. 
The virus particles are sedimented directly 
onto coated electron microscope grids which 
when removed from the centrifugation cell 
are ready for shadow-casting and examina- 
tion. The precision of this method is com- 
parable to that obtained by other technics. 
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Complement Fixation by Tuberculopolysaccharide.* 


(22622) 


FLORENCE B. Serpertt AND Eva SotTo-FIGUEFROA. 


Henry Phipps Institute, University of Pennsylvania, Philadelphia. 


The sera of rabbits sensitized by repeated 
injections with BCG have a high content of 
antibodies to tuberculoprotein and tuberculo- 
polysaccharide, as can be detected by the pre- 
cipitin reaction. These sera have been shown 
in an earlier study(1) also to give high com- 
plement-fixation titers with PPD-S, but not 
with polysaccharide. However, it appeared 
that the addition of polysaccharide was able 
to inhibit the complement fixation produced 
by the PPD-S. It was the object of this in- 
vestigation to study the mechanism of this 
inhibition. 

Materials and methods. The protein anti- 
gen used in this study was PPD-S, a protein 
fraction isolated from tuberculin culture fil- 
trate after autoclaving. It contained 5.9% 
polysaccharide. This preparation was adopted 
as the international standard for purified tu- 
berculins and has been extensively studied 
(2,3). It proved to be one of the most effec- 
tive antigens for complement fixation and was 
used in the previous study(1). Polysacchar- 
ide I had been isolated(4) from heated tuber- 
culin filtrate of a human strain of tubercle 
bacilli (DT), and contained only 0.24% 
nitrogen. The sera were taken from rabbits 
used in previous experiments(1). The rab- 
bits had been sensitized (Table I) by re- 
peated injections with heat-killed or live tu- 
bercle bacilli or protein fractions. Blood had 
been taken at frequent intervals and the sera 
were tested for antibodies by the precipitin 
reaction. Complement-fixation tests were 
made by the block titration method in which 
all dilutions of ‘the antigen were titrated 
against all dilutions of the serum, using a pre- 
viously standardized amount of amboceptor 
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Sophie Goman, and by a research grant E680(C2) 
from Microbiological Institute of N. I. H. Public 
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+ The technical assistance of Lois Fry, Mabel V. 
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and complement and a constant quantity of 
sheep cells. The sera were inactivated at 
56°C for 20 minutes. Every dilution of serum 
and every dilution of antigen was included in 
the controls, and in this way it was shown 
that the antigens used (PPD-S and polysac- 
charide I) were not anticomplementary, since 
they by themselves fixed no complement at 
any dilution. The serum, antigen and com- 
plement were incubated in some cases for a 
half hour at 37°C, and in others kept over- 
night at 4°C, and then the red blood cell- 
amboceptor suspension was added. This mix- 
ture was then incubated at 37°C for a half 
hour and placed in the cold room overnight to 
settle before reading the degree of hemolysis 
in each tube. The results were plotted, as 
shown in the curves: each curve encompasses 
the block of tubes showing no hemolysis, 2.¢., 
where complement was fixed by the antigen- 
antibody system under investigation. 

Results. Complement fixation by tuber- 
culoprotein PPD-S and tuberculopolysacchar- 
ide I. High complement-fixation titers oc- 
curred in anti-BCG sera with the antigen 
PPD-S (Table I). 


The polysaccharide, on the other hand, 
fixed no complement during incubation at 
37°C for a half hour with anti-BCG sera, 
even though the sera were shown by the pre- 
cipitin reaction to contain antibodies to poly- 
saccharide. However, if the reaction took 
place while standing at 4°C overnight, before 
the amboceptor-blood-cell system (Amb-rbc.) 
was added, then it was obvious that the poly- 
saccharide did fix considerable complement 
in those sera containing antibodies to poly- 
saccharide. On the other hand, very little or 
none was fixed in the case of sera which did 
not contain antibodies to polysaccharide. This 
shows that the reaction with polysaccharide 
was specific. Rice(5) and Eagle(6) both 
showed that the complement-fixing system 
becomes more sensitive at low temperature. 


The fact that no complement was bound by 
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TABLE I. Complement Fixation and Precipitin Titers. 


Precipitin titers 


Complement fixation titers 


37°C. 


Polys. 


PPD-S ————_, 


PPD-S 


Rabbits sensitized 


1 


5 


10 


with 
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i ae Ss 
BE. 64 
54 64 
Abie! AS 


3+ 
5+ 
5+ 
3+ 


[++¢ 


[oth dict 


128 
256 
128 


512 


48 
256 96 


BCG (dead) 


BCG 


32 
64 
64 
64 


16 
64 


+ protein A 


tl 


24 


48 


48 


48 


PPD-S 


16 


32 


Protein A 


48 
96 


96 


the polysaccharide at 37°C, whereas high 
titers were given by PPD-S, shows that the 
antigen in PPD-S responsible for the fixation 
was not the small amount (5.9%) of polysac- 
charide present in this antigen, but rather the 
protein. In fact, it was pointed out(1) that 
one of the tuberculin proteins, designated a's 
C protein, and which forms a large part of 
PPD-S, gave as high or higher complement- 
fixing titers than did PPD-S, and this protein 
had only 1.1% carbohydrate. The amount of 
polysaccharide present in PPD-S, and which 
presumably is the same as polysaccharide I, 
would be effective merely as an inhibitor to 
ithe fixation at 37°C or, at 4°C would slightly 
increase the titer to the polysaccharide delib- 
erately added to the system. It could not ac- 
count for the other maximum titer at a lower 
(1:6400) dilution (curve 2, Fig. 1), which 
was presumably due to the protein. 


It is noteworthy that the range of antigen 
dilution at which complement fixation was evi- 
dent was very different for the 2 antigens, 
PPD-S and polysaccharide. For example, 
PPD-S fixed complement at 37°C maximally 
at a dilution of 1:6400 to 1:25,600, whereas 
polysaccharide fixed complement only at 4°C 
maximally at a dilution of about 1:220,000 to 
1:27,000,000. The two reactions could, there- 
fore, be easily distinguished from each other, 
as shown in the diagrams of their block titra- 
tions (Fig. 1 and 2). A parallel distinction was 
noted between the ranges of dilution for the 
precipitin reaction of the protein antigen- 
antibody system (PPD-S-AAb) and that of 
the polysaccharide-antigen-antibody system 
(Polys.-AAb) (Table I). For example, the 
greatest precipitate occurred with 50 y PPD- 
S antigen, whereas with the polysaccharide 
one y or less gave the heaviest precipitate, 
but both of these reactions took place at 
37°C. Evidence that they really are differ- 
ent reactions is found in the fact that the 
characters of the 2 antigen-antibody precipi- 
tates were different(1). 


Mutual effect of protein and polysaccharide 
in the complement-fixation reaction. If pro- 
tein and polysaccharide were mixed in the ra- 
tio of 1:7 for use as antigen, the complement- 
fixation titer to PPD-S in serum containing 
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Concentration of 
PPD-S | Polys.I 


Serum- Dilutions 4 8 


16 32 64 128 256 5i2 1024 


FIG. 1. Block titration diagrams of complement 

fixation at 4°C by: Curve 1 (xX <) PPD:S 

antigen-antibody system, curve 2 (@ @) PPD- 

S + polysaccharide antigen-antibody systems, 

curve 3 (O ©) polysaccharide antigen-anti- 

body system. Areas encompassed by the curves in- 
clude tubes showing no hemolysis. 


antibodies to both protein and polysaccharide 
was lower than if the protein alone was used 
as the antigen, and in many cases it even be- 
came zero. This was true if the complement- 
fixation test was made in the usual way of 
incubating at 37°C. However, if the fixa- 
tion took place at 4°C overnight, then it was 
obvious that both the protein-antigen-anti- 
body system and, the polysaccharide-antigen- 
antibody system fixed complement. Two titer 
maxima appeared at different antigen dilution 
ranges (Fig. 1, curve 2). Moreover, the sum 
of the amounts (indicated by serum titers) of 
the antibodies to protein, PPD-S, (upper part 
of curve 2) and to polysaccharide (lower part 
of curve 2) which fixed all the complement, 
was equal to the amount of antibody to pro- 
tein which was required when the protein- 
antigen-antibody-system was present alone 
(curve 1). 


Mechanism of binding of complement by 
protein and polysaccharide antigen-antibody 
systems. To study the difference between the 
binding of complement by the PPD-S-AAb 
and the Polys-AAb systems, the followng ex- 
periments were performed with the same 
serum; (1) BCG antiserum, PPD-S and com- 
plement were set up in a block titration ar- 
rangement in the usual manner, but the first 
antigen (PPD-S) was added in half the vol- 
ume normally used. (The proper antigen dilu- 
tion was in 0.05 ml instead of in 0.1 ml.) The 
tubes were held overnight at 4°C, then the 
respective serial dilutions of polysaccharide 
were added, also in half the usual antigen vol- 
ume, in order to maintain a constant final vol- 
ume. In all tubes a ratio of 1:7 of protein 
antigen to polysaccharide antigen was main- 
tained. The dilutions of each antigen are 
shown at the left in Fig. 1 and 2. After a 


Concentration of 
PPD-S | Polys.I 


Serum Dilutions 4 8 


16 32 64 128 256 512 1024 2048 


FIG. 2. Block titration diagrams of complement 
fixation at 4°C by: Curve 1 (xX x) poly- 
saccharide antigen-antibody system alone, curve 2 
(O ©) PPD-S added first and then poly- 
saccharide, curve 3 (@ @) polysaccharide 
first and then PPD-S. Areas encompassed by the 
curves include tubes showing no hemolysis. 
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half hour incubation at 37°C the Rbc-Amb. 
system was added and the mixture was again 
incubated at 37°C. The resulting block titra- 
tion diagram, (curve 2, Fig. 2) shows that 
considerable complement was fixed mainly in 
the dilution region where the PPD-S-AAb 
system was effective. A similar technic was 
used in which polysaccharide was first mixed 
with BCG antiserum and complement, and 
PPD-S was added on the following day. In 
this case (curve 3) considerable complement 
was also fixed, but this time mainly in the 
dilution where the Polys-AAb system was ef- 
fective. 


These 2 experiments showed that at 4°C 
both antigen-antibody systems were able to 
fix complement in a normal manner, and the 
system first exposed to the complement was 
the one effective in fixing it. Therefore, both 
systems would compete for the same comple- 
ment if they are present simultaneously. 


However, since the polysaccharide ap- 
peared to fix no complement at 37°C, but did 
cause ‘a decrease in the titer given by PPD-S, 
the interpretation, in the light of the above 
experiments, might be as follows: The poly- 
saccharide succeeded in holding its share of 
complement through the “first stage” of the 
reaction with an avidity which was sufficient 
to keep it from being fixed by the PPD-S-AAb 
system, but not sufficient at 37°C to hold it 
through the second and final stage of fixation, 
and so the complement was released from this 
system to the Amb-rbc. system when it was 
added. The final titer would, therefore, rep- 


COMPLEMENT FIXATION BY TUBERCULOPOLYSACCHARIDE 


resent only that portion of the complement 
which had been held by the PPD-S-AAb sys- 
tem, and it would, therefore, appear that the 
polysaccharide had inhibited the complement 
fixation. 


Summary. 1) High complement fixation 
titers with PPD-S were obtained with BCG 
antisera which showed high precipitating anti- 
bodies to PPD-S and to tuberculo-polysac- 
charide. 2) Polysaccharide fixed no comple- 
ment even in these sera when incubation was 
carried out at 37°C. However, at 4°C fixa- 
tion did take place. 3) When polysaccharide 
was mixed with PPD-S the complement-fixa- 
tion titer was decreased from that obtained 
with the PPD-S alone, suggesting inhibition 
of fixation at 37°C. However, this decrease 
appeared to be due to fixation by polysac- 
charide in the first stage, followed by a prob- 
able release of the complement to the red- 
blood-cell-amboceptor system in the second 
stage. 
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It has been demonstrated that the plasma 
level of 17-hydroxycorticosteroids (17- 
OHCS) in pregnancy is elevated over normal, 
non-pregnant values(1-4). No difference in 
this steroid level was found between normal 
and toxemic pregnancies(3). Speculation as to 
the source or sources of the additional 17- 
OHCS has suggested several possibilities 
among which two appear probable: an in- 
creased rate of production by the maternal 
adrenal cortex, and faulty utilization by the 
maternal organism. 

Samuels and his coworkers(5,6) have pre- 
sented evidence for 1) elevation of 17-OHCS 
in surgery, 2) reduced rate of metabolism of 
infused cortisol by surgical patients, and by 
non-surgical patients with liver disease, and 
3) correlation between impaired liver func- 
tion and the magnitude of the rise in plasma 
17-OHCS due to surgery. They also believe 
that there is evidence that liver function is de- 
pressed during other types of stress as well as 
during surgery(6). Hence, they concluded 
that the elevated levels of 17-OHCS seen in 
stress are due to both adrenal stimulation and 
impaired hepatic function(6). 

In view of their findings, we decided to in- 
vestigate the possibility that the increased 
levels of 17-OHCS in pregnancy are due to 
both adrenal stimulation and impaired utiliza- 
tion since pregnancy is regarded as a “‘stress- 
ful” situation. We used the test of adrenal 
cortical capacity or reserve as outlined by Eik- 
Nes e¢ al.(7) to determine whether the stim- 


* This investigation was supported in part by grant 
H-1755 from the U. S. Public Health Service. 

+A portion of this paper was presented at the 
meeting of the Fed. Am. Soc. for Exp. Biol., Atlantic 
City, April 1956. 

t Acknowledgement is made to Drs. J. Voskian and 
J. Roller, and to the resident staff of the Los Angeles 
County General Hospital for their assistance in this 
study. 


ulus received by the adrenal cortex during 
pregnancy was maximal. In addition, from 
the results of this test the functional status of 
the adrenal cortex might be judged. To deter- 
mine whether diminished utilization is in- 
volved in the production of the high levels of 
these steroids found in pregnancy, the ability 
of the pregnant patient to handle infused cor- 
tisol was investigated. Both normally preg- 
nant and toxemic pregnant patients were used 
in this study in the hope that some difference 
in the production, or utilization, of these ster- 
oids under the experimental conditions used 
might be disclosed, since no difference in these 
levels for normal and toxemic pregnancies un- 
der the influence of endogenous ACTH was 
found in the previous study(3). 

Methods. These studies were performed 
on 39 pregnant patients who were hospitalized 
and at bed rest. Tables I and III give age, 
diagnosis, and length of gestation of the pa- 
tients. The test of adrenal cortical capacity 
was carried out on 12 patients with normal 
pregnancy and 13 patients with toxemia of 
pregnancy. Each of these patients received 
40 mg (40 I. U.) of Armour’s ACTH in one 
liter of 5% aqueous dextrose by intravenous 
drip infusion over a period of 6 or 10 hours. 
The dose of ACTH employed was higher than 
that used by Eik-Nes because it was consid- 
ered possible that the level of endogenous 
ACTH in the pregnant patient is elevated. 
If this is true, then the usual dosage of ACTH 
(25 mg) would be inadequate to produce a 
physiological response. Blood samples for 
the determination of 17-OHCS were taken 
immediately prior to the infusion (zero hour) 
and at 2, 4, 6, 8, and 10 hours. 


§ The ACTH used in these studies was supplied 
through the courtesy of Armour Laboratories, Chi- 
cago. Hydrocortone infusion concentrate (cortisol) 
was supplied through the ccurtesy of Dr. Elmer 
Alpert, Merck and Co., Rahway, N. J. 
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17-HYDROXYCORTICOSTEROIDS IN 


PREGNANCY 


TABLE I. Effect of Intravenously Infused ACTH (40 mg) on Level of Plasma 17-Hydroxy- 
corticosteroids in Normal and Toxemie Pregnancies. 


———— _ 17-hydroxyecorticosteroids in 1g/100 ml plasma ————_, 


Length Max change and 
of gesta- time of occurrence 
Patient Age tion,wk Ohr 2hr 4hr 6 hr Shree ealOnar 2hr 4h 267hr 
Normal pregnancies 
7-D 28 40 54.2 107.0 101.6 119.0 64.8 
1-F 40 38 54.0 80.8 100.0 101.5 47.5 
9-F 20 40 85.4 100.8 100.5 122.2 36.8 
8-G 16 36 40.3 68.4 80.0 95.7 55.4 
8-K 20 37 O8af 9 L2G) AG 2659 68.2 
2-M 20 38 48.4 97.0 105.8 57.4 
7-M 20 39 77.5 86.7 109.0 134.0 56.5 
1-N 15 40 C7ah L013.) T1328) Pee 49.5 
5-N 18 40 42.3 91.6 oe 80.4 49.3 
9-N 17 40 48.8 78.5 87.4 94.2 45.4 
3-O 23 35 61.7 59.4 116.4 107.9 54.7 
4-Y 24 35 49.6 75.7 93.6 108.8 9123.9 131.9 59.2 
Median 38.5 54.1 86.7 100.3 108.4 55.95 
Toxemic¢ pregnancies 
2-H 18 36 44.2 104.0 109.4 83.3 55.2 
7-E 30 38 59.0 104.3 86.3 74.7 45.3 
5-F 18 36 86.6 101.8 102.9 98.8 16.3 
7-H 20 37 67.6 51.4 Cie 71.1 9.5 
1-1 20 38 72.3 73.0 108.4 118.0 45.7 
7-1 18 32 68.7 73.8 73.9 94.4 25.7 
1-J 19 34 59.3 94.6 95.1 92.1 35.8 
9-J 22 36 41.9 69.5 90.4 77.0 48.5 
4-K 20 38 28.6 50.1 51.6 60.7 32.1 
8-L 21 36 66.1 98.5 102.4 112.9 46.8 
4-V 19 42 55.1 83.4 106.9 138.9 117.2 89.0 83.8 
8-X 28 31 58.5 72.2 75.7 77.0 81.7 
2-CC 19 32 35.3 70.38 104.2 88.9 105.0 109.4 63.0 
Median 36 59.2 73.8 88.9 105.0 89.0 42.2 46.7 


95.1 


The test of the metabolism of cortisol was 
performed on 8 normal and 6 toxemic preg- 
nant patients. Each of these was given 75 
mg of cortisol in 250 ml of 5% aqueous dex- 
trose by intravenous drip infusion over a pe- 
riod of one-half hour. Blood samples were 
drawn immediately prior to the infusion (zero 
hour) and at 1, 2, 4, 6, and 8 hours after the 
start of the infusion. The level of plasma 
17-OHCS of all of the samples was deter- 
mined by the method described elsewhere(3). 
The sulfuric acid blanks recommended by 
Bayliss and Steinbeck were not used in our 
determinations since use of these makes it im- 
possible to run duplicates of the samples from 
normal, non-pregnant subjects. We feel that 
duplicates are essential; however, we realize 
that omission of these blanks might produce 
non-physiological differences in the values for 
the 2 groups of patients studied. 

Results. Adrenal cortical capacity. The 


data obtained for the levels of 17-OHCS in 
this test are shown in Table I. Examination 
of these values shows that a rise occurred in 
response to exogenous ACTH in all of the pa- 
tients studied. In the cases of normal preg- 
nancy it is not possible to judge whether the 
rise was maximal at 6 hours or not, except in 
the case studied for 10 hours (Y-4) in which 
the increase was still proceeding. Most of the 
toxemic pregnant patients showed a less pro- 
nounced rise which reached a peak at 4 or 6 
hours. The median rise observed at 6 hours 
in response to 40 mg of infused ACTH was 
about 100% in cases with normal pregnancies, 
and about 50% in those with toxemia of preg- 
nancy. The maximal median rise obtained by 
Eik-Nes et al.(7) in 39 normal, non-pregnant 
subjects under similar conditions was 300%. 
Calculations given in Table II, however, show 
that the rise in normal pregnancy due to the 
combined effect of exogenous and endogenous 
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Effect of Endogenous and Exogenous ACTH (40 mg) on Level of Plasma 17- 


Hydroxycorticosteroids in Normal and Toxemic Pregnancies. 


Endogenous ACTH 


Median values 
ug/100 ml 


plasma % rise 
Normal late pregnancy 54.1 
Non-pregnant control 28.5 
Difference 25.6 89.9 
Normal late pregnancy 
6 hr 
0 ” 
Difference 
Toxemi¢ pregnancy 59.2 
Non-pregnant control 28.5 
Difference 30.7 107.8 
Toxemic pregnancy 
6 hr 
0) ” 
Difference 


* Endogenous ACTH only. 
ACTH compared with our non-pregnant value 
is equivalent to the rise found by Eik-Nes.! 
In the toxemic pregnancies this combined rise 
is about one-fourth lower. In another study 
of adrenal cortical capacity, Christy e¢ al. 
(8) studied a small number of patients over 
a period of 4, instead of 6 hours. They re- 
ported finding a rise in plasma 17-OHCS in 
pregnant patients in excess of the rise in nor- 
mal subjects in response to exogenous ACTH. 
In addition, further examination of the 
data in Table I discloses that whereas 42% 
of the toxemic pregnant patients may have 
reached their maximum level at 6 hours after 
the administration of ACTH, 50% showed 
the maximum change at 4 hours, and 8% at 
2 hours. In contrast, 83% of the normally 
pregnant patients may not have reached the 
maximum level at 6 hours, whereas, only 17% 
showed a maximum change at 4 hours, and 
none showed it at 2 hours. These data appear 
to show that the adrenal cortex of the preg- 
nant patient is submaximally stimulated by 


endogenous ACTH, and that the response to 


|| After this manuscript was prepared Migeon et al. 


(J. Clin. Invest., 1956, v35, 488) reported finding 
that the adrenal cortical capacity of normally preg- 
nant women is equivalent to that of non-pregnant 
women. 


Endogenous ACTH + 
exogenous ACTH (6 hr) 
Median values 

pg/100 mi 


Exogenous ACTH 
Median values 
wg/100 mi 


plasma. % rise plasma % vise 
108.4 
28.5% 
iE) 280.5 
108.4 
54,1 
54.3 100.2 
88.9 
28.5% 
60.4 212.0 
88.9 
59.2 
29.7 50.2 


exogenous ACTH is normal in the cases of 
normal pregnancy and somewhat reduced in 
toxemic pregnancy. 

Comparison of the data obtained by Sand- 
berg ef al.(5) for the level of plasma 17- 
OHCS in surgical patients with our data for 
normally pregnant patients suggests that the 
stress of surgery produces a somewhat greater 
rise in the plasma 17-OHCS than does the 
stress of pregnancy, but that the adrenal cor- 
tical reserve of these 2 groups of patients is 
similar. The toxemic pregnant patients, on 
the other hand, show a reduced adrenal cor- 
tical reserve when compared with normally 
pregnant patients and surgical patients. 

Cortisol metabolism. The data obtained 
for plasma levels of 17-OHCS in normal and 
toxemic pregnancy before and after infusion 
of cortisol are given in Table III. . The differ- 
ence in the zero hour values for the 2 groups 
is probably due to the smallness of the groups 
and the difference in duration of pregnancy. 
The one hour value (14 hour after the end 
of the infusion) was the highest in both groups 
of patients. Calculations given in Table IV 
show that 95% of the exogenous cortisol had 
been removed from the blood at the end of 
one hour in both normal and the toxemic 
pregnancies. It would seem unlikely that the 
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TABLE III. Effect of Intravenously Infused Cortisol (75 mg) on Level of Plasma 17-Hydroxy- 
corticosteroids in Normal and Toxemie Pregnancies. 


Length of 17-hydroxycorticosteroids in .g/100 ml plasma 
gestation, 
Patient Age wk 0 hr lhr 2 hr 4hr 6 hr 8hr 
3 Normal pregnancies 
9-0 U7, 37 55.2 117.9 118.1 60.8 69.6 83.7 
5-P 20 37 77.2 194.0 150.3 102.9 On, 88.2 
1-Q 19 40 57.4 126.3 124.8 94.5 56.3 61.8 
7-Q 19 38 43.4 154.2 143.9 126.9 86.9 89.8 
8-S 21 3 72.2 222.5 156.0 121.5 93.7 92.0 
4-T 25 38 70.4 173.0 176.2 106.5 88.8 17.2 
1-U eT, 35 91.2 214.5 149.4 §7.0 87.1 69.0 
8-U 26 39 65.9 173.2 gate 91.3 83.0 70.7 
Median 38 68.2 173.1 146.7 98.7 87.0 80.5 
Toxemic pregnancies 

3-R 19 32 49.0 164.2 149.2 124.2 88.4 132.0 
10-R 34 36 73.6 148.8 101.9 93.9 57.6 48.4 
1-X 29 26 24.0 85.0 67.1 65.0 52.2 47.6 
5-AA 16 28 10.0 137.0 79.5 59.1 53.5 42.8 

1-BB 19 36 19.8 111.5 94.8 56.4 
6-BB 1 32 56.5 142.9 135.6 105.8 65.5 48.5 
Median 32 37.0 140.0 98.4 79.5 57.6 48.4 


elevated level of plasma 17-OHCS found in 
pregnancy was due to faulty utilization, since 
the amount of cortisol removed in the. one 
hour period was more than 100 times the 
amount of 17-OHCS due to pregnancy (preg- 
nancy level minus non-pregnancy level). 
Discussion. ‘The additional rise produced 
in the plasma levels of 17-OHCS in pregnancy 
by infused ACTH appears to indicate that 
the adrenal cortex in both normal and tox- 
emic pregnancy is submaximally stimulated by 
the endogenous ACTH. In the normally 
pregnant patient, however, the combined rise 


TABLE IV. Utilization of Cortisol in Normal and 
Toxemic Pregnancies. Median values of plasma 17- 
hydroxycorticosteroids. 


Normal Toxemie 
pregnancies, pregnancies, 


Time of collection ug/100 mi ug/109 ml 
Lhr ee ees 140.0 
One 68.2 37.0 
Difference 104.9 103.0 
pg /3.2 1* pg /3.8 1* 
plasma plasma 
Total 17-hydroxycorti- 3457 3914 
costeroids at 1 hr 
above 0 hr level 
Infused cortisol re- 4.6% 5.2% 


maining at 1 hr 


e The plasma vol in pregnancy has been found to 
be greater at 32 wk (tovemice pregnancies) than at 
38 wk (normal pregnancies) (9). 


due to the exogenous and the endogenous 
ACTH is similar to that seen in non-pregnant 
subjects after infusion of ACTH. This sug- 
gests that the adrenal cortex is functionally 
normal. 


In toxemic pregnant patients, although the 
elevation in these steroid levels under endoge- 
nous stimulation does not differ from that of 
normally pregnant patients, the response to 
exogenous ACTH is lower and less sustained. 
Thus, it would appear. that the reserve ca- 
pacity of the adrenal cortex in toxemic preg- 
nancy is reduced. This reduction might be 
attributed to one, or both, of two factors. If 
the adrenal cortex is under elevated stimula- 
tion during pregnancy, it is possible that re- 
duction in the adrenal reserve in toxemia is 
due to fatigue of the gland. In addition, and 
this appears more likely, there may be a shift 
in the normal ratio of production of gluco- 
and mineralocorticoids with an increase in the 
latter. Since the chief mineralocorticoids are 
not measured by the Porter-Silber reaction, an 
increase in the plasma mineralocorticoids 
would not be detected by use of this assay 
method. Thus the reduction in adrenal corti- 
cal reserve found in toxemia of pregnancy 
may be a reduction in glucocorticoids only. 
When a chemical method for determination 
of mineralocorticoids in blood becomes avail- 


SYNKAVITE ON Histoplasma capsulatum 819 


able, this aspect should be investigated. It 
has been suggested that toxemia of pregnancy 
is similar in a number of respects to the syn- 
drome of DOCA intoxication(10). It also 
has been found that the sodium-retaining ac- 
tivity of urine is increased during late preg- 
nancy with the greatest increase found in tox- 
emia of pregnancy(11). These findings ap- 
pear to lend support to the aforementioned 
suggestion. 

It was not feasible to study the abil- 
ity of the maternal organism to utilize 
exogenous cortisol after delivery. Hence, no 
estimate can be made of the significance of 
the per cent of exogenous cortisol remaining 
in the plasma at a given time, except to say 
that the maternal organism has the ability to 
use an amount of cortisol greatly in excess of 
the increment found in 17-OHCS in preg- 
nancy. It would appear, then, that an in- 
creased rate of production, rather than a de- 
creased rate of utilization, is responsible for 
much, or all, of the elevated level of 17-OHCS 
seen in pregnancy. It is recognized that the 
data presented herewith do not rule out the 
possibility that the placenta and, or, the fetal 
adrenals may contribute to the elevated level 
of plasma 17-OHCS. 

Summary. Adrenal cortical capacity and 
cortisol utilization were studied in 20 patients 
with normal pregnancy and 19 patients with 
toxemia of pregnancy. It was found that the 
level of plasma 17-OHCS in late pregnancy 
can be further elevated by the action of ex- 


ogenous ACTH. The reserve capacity of the 
adrenal cortex in normal pregnancy is similar 
to that in non-pregnant subjects; in toxemia 
of pregnancy it is somewhat reduced. Utiliza- 
tion of infused cortisol in both normal and 
toxemic pregnancies does not appear to be 
faulty; thus utilization does not seem to be a 
factor in the elevated levels of plasma 17- 
OHCS found in pregnancy. 
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De Saint-Rat and Luteraan(1) demon- 
strated that 5-hydroxy-2-methyl-1, 4-naph- 
thoquinone in concentrations of 1:50,000 was 
active, in vitro, against H. capsulatum. Syn- 
kayvite, Roche (tetrasodium 2-methyl-1, 4- 


* This investigation was supported by a research 
grant from the National Institute of Health, Public 
Health Service. 


naphthohydroquinone diphosphoric acid es- 
ter), is a synthetic water-soluble compound 
of similar basic structure, potent vit. K ac- 
tivity, and relatively low toxicity. These 
characteristics, together with stability to heat 
and easy availability, resulted in the selection 
of this drug for this study. 


It was the purpose of the following experi- 
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ments to test the potency of Synkayvite as 
an inhibitory agent against yeast-phase H. 
capsulatum, in vitro, and as a potential chemo- 
therapeutic agent in experimental histoplas- 
mosis in mice. In addition, studies were per- 
formed to evaluate the in vitro effect of this 
drug against certain other fungi, pathogenic 
and nonpathogenic to man. 


Materials and methods. The sensitivity of 
8 fungi, (Table I), to Synkayvite was deter- 
mined on brain-heart infusion agar slants con- 
taining the following concentrations of Syn- 
kayvite in mg per ml: 4.6, 2.3, 1.2, 0.6, 0.3, 
0.15, 0.08, 0.04, 0.02 or 0.01. Care was taken 
to prevent exposure of the Synkayvite to light, 
and the slants were incubated for 48 hours to 
test for bacterial contamination. Control 
media containing no drug were prepared along 
with an additional control group containing 
0.56, 0.28, 0.14, 0.07, 0.04, 0.02, 0.01 or 0.005 
mg of phenol per ml of media to correspond 
with the amount of phenol present as a pre- 
servative in the 8 highest concentrations of 
Synkayvite listed above. All slants were in- 
oculated with 0.3 ml from 3-week-old broth 
cultures of all of the fungi except H. capsula- 
tum where 0.5 ml saline-yeast-phase suspen- 
sions from 3-day-old brain-heart infusion 
agar slants were employed. The inoculated 
tubes were sealed with parafilm and incubated 
in the slanted position at optimal tempera- 
tures for a period of 1 month. The amount 
of growth was recorded as 1 to 4 plus or nega- 
tive, as compared to controls containing no 
Synkayvite or phenol, and the minimal inhibi- 
tory concentrations of both Synkayvite or 
phenol noted. 

Toxicity studies of Synkayvite for 6-week- 
old normal white male Swiss mice were di- 
vided into 2 parts. Part 1 was designed to 
determine the toxicity of a single intraperi- 
toneal or subcutaneous injection of 0.2 ml of 
saline containing 0.3 to 0.55 mg of naphtho- 
quinone per g of mouse. Controls received 
.07 mg of phenol per g in 0.2 ml of saline, a 
dose comparable to that contained in 0.55 mg 
of Synkayvite. The second toxicity experi- 
ment was designed to test the maximum daily 
dose of Synkayvite (from .025 to 0.2 mg/g 
of mouse) which could be tolerated up to 28 
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TABLE I. In Vitro Inhibitory Effect of Synkay- 
vite and Phenol on Fungi. 


Phenol 


-— Synkayvite—, controls 
Minimum 
conc.* for Phenol  Conc.* for 
complete  cone.* partial 
Fungus inhibition present imbibition — 
H. capsulatum Ad 01 56 
N. asteroides 60 OT 56 
N. braziliensis 30 04 56 
T. mentagraphyta 60 OT 1.12 
M. canis 1.20 4 1,12 
E. floccosum 30 04 1.12 
Aspergillus fumigatus .30 04 .28 
Scopulariopsis sp. 30 04 1.12 


* Concentration in mg/ml of brain-heart infu- 
sion agar. 


consecutive days. Two groups of controls 
were used: one received phenol in 0.2 ml of 
saline in concentrations analogous to those 
contained in the corresponding Synkayvite 
doses (Table III); the second received 0.2 ml 
of saline only, daily. The number of deaths 
and gain or loss of weight of animals in each 
group were recorded at the end of 28 days. 

The effect of Synkayvite therapy in the 
mice infected with H. capsulatum was tested 
following intraperitoneal inoculation with 35 
million yeast-phase organisms in 0.5 ml of 
mucin(2). At intervals ranging from 3 days 
to 10 weeks after histoplasma inoculation, 
daily intraperitoneal injections of Synkayvite 
were given up to 28 days, whenever possible. 
All doses of the naphthaquinone were admin- 
istered in 0.2 ml of saline, and control animals 
received the greatest amount of phenol in 0.2 
ml of saline received by test animals (Table 
IV). 

Results. All of the fungi tested were in- 
hibited completely, in vitro, by concentrations 
of 0.15 to 1.2 mg/ml of Synkayvite (Table 
I). That the amount of phenol present in 
these quantities of Synkayvite was not re- 
sponsible was demonstrated by the fact that 
considerably more phenol than was present 
in the Synkayvite was required for even par- 
tial inhibition of growth. These observations 
were particularly striking with H. capsulatum 
in which only 0.15 mg of the naphthaquinone 
containing only .01 mg of phenol caused com- 
plete inhibition of growth while 0.56 mg of 
phenol alone did not completely inhibit 
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TABLE II. Effect of Single Doses of Synkayvite 
in Normal Mice. 


-— Intraper. inoe. —~ — Subeut. inoe.——, 


Avgwt Sk. No. Avgwt Sk. No. 
(g) — dose* deaths} (g)  dose* deaths? 
15 30 0/6 16 30 0/4 
16 35 0/6 15 35 o/4 
15 40 0/6 17 40 0/4 
15 45 2/6 16 45 2/4 
ah 00 6/6 16 50 4/4 
15 ah) 6/6 15 55 4/4 
16 Phenol 0/6 17 ~~ Phenol 0/4 

controlt controlt 


* Sk. dose: Synkayvite in mg/g of animal. 

+ Control animals received .07 mg of phenol in 
-2 ml saline/g of mouse. 

¢ Numerator = No. of deaths. 
No. of mice. 


Denominator — 


growth. 

Acute toxicity studies in mice revealed that 
toxic doses of Synkayvite resulted in peri- 
pheral vasodilatation, cyanosis, shock, and 
death 20 minutes to 4 hours after either sub- 
cutaneous or peritoneal inoculation. Table 
II demonstrates ‘that normal mice could tol- 
erate single doses up to 0.40 mg/g weight. 
No untoward effect was noted in mice receiv- 
ing .07 mg of phenol per g, an amount equiva- 
lent to that contained in 0.6 mg of Synkay- 
vite. Chronic toxicity studies revealed that 
the mice could ‘tolerate up to 0.15 mg of the 
naphthaquinone per g of body weight, daily, 
for 28 days (Table IIT). When 0.2 mg per 
g containing .024 mg/g of phenol was used 3 
of 10 mice died as did 4 of 10 receiving .024 
mg of phenol, alone. 

When infected mice were given Synkayvite 
in doses of .05 to 0.2 mg per g of weight, 


TABLE III. Effect of Multiple Intraperitoneal 
Doses of Synkayvite in Normal Mice. 


Daily dose Avg Avg wt 
(mg) wt change after No, deaths 
Sk.* Phenolt (g) 28 days (g) at 28 dayss 
.20 024 174 -21 3/10 
5 O18 17.0 - 2 0/10 
10 012 18.1 +1.0 1/10 
05 006 17.8 - 8 0/10 
025 008 16.9 +2.1 0/10 
Ot 244 Le —3.3 4/10 
Ot 0034 16.4 +1.3 0/10 
* Expressed as mg/g of mouse, 
t As contained in the Synkayvite, 
{ Phenol controls. 
 § Numerator = total No. mice, Denominator =: 


total No, deaths. 
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between the 3rd to 21st day after inoculation 
with H. capsulatum, a markedly accelerated 
death rate was observed (Table IV). Death 
would occur within 20 to 240 minutes after 
a dose of Synkayvite, with signs of shock 
similar to those observed in the acute toxicity 
studies above (Group A, Table IV). In mice 
receiving 0.2 mg/g 3 days after infection, 8 
of 10 died after 1 to 3 doses, or within 6 days 
after histoplasma inoculation. By the 9th 
day of infection, or after 6 daily doses of 0.2 
or 0.1 mg of Synkayvite, 100% mortality was 
observed, while 6 of 9 receiving .05 mg died. 
None of the 6 infected controls receiving .024 
mg of phenol, the amount equivalent to that 
contained in 0.2 mg of Synkayvite, and only 
16 of 47 (34.4%) untreated controls (Group 
G) died during this interval. 

When therapy was started 7 or 14 days 
after infection (Table IV, Groups B, C) in- 
creased susceptibility to Synkayvite was more 
marked in that practically 100% mortalities 
followed 1 to 3 injections of 0.2, 0.1, or .05 
mg. This time interval of 7 to 14 days repre- 
sented the peak death rate in the untreated 
controls(2-5) (Group G) where 35 of 47 
died of specific infection during the interval. 
However, the rapid fulminating shock-like 
type of death was noted only in those mice 
receiving Synkayvite. This rapidly lethal ef- 
fect was still evident in mice given Synkay- 
vite which still survived 21 days after infec- 
tion (Group D, Table IV). However, mice 
surviving 28 days after infection required 7 
to 28 injections before this shock-like syn- 
drome could be induced. When mice which 
had survived infection induced 10 weeks pre- 
viously were given up to 28 daily injections of 
Synkayvite, only 1 of 25 reacted unfavorably 
to the drug (Group F, Table IV). As can 
be seen through Table IV, mice receiving .024 
mg of phenol per g reacted in a manner simi- 
lar to untreated infected controls. 


Discussion, Alcohol-soluble quinones and 
quinolines have been known to possess anti- 
fungal properties and this subject has been 
reviewed recently by Oster and Golden(6). 
These studies demonstrate that tetrasodium 
2-methyl-1, 4-naphthohydroquinone disphos- 
phoric acid ester in concentrations of 0.6 mg/ 
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TABLE IV. Effect of Synkayvite on Fatality Rate of Mice Infected with 35 Million Yeast- 
Phase H. capsulatum. 


Post inoce., Deaths during 3-day periods i 
time ther- Daily dose, after 1st dose % fatalities 
Group No.* apy started mg/gt 1538 46 7-10 11-14 15-28 in 28 dayst 

A 10 3days 20. sk 8 2 100 
13 LOU 4 9 100 
9 ames 4 2 3 100 
6 .024 ph 0 0 4 1 1 100 
B 8 TR 20 sk 8 100 
9 PO) ces 9 100 
a 0D en 8 1 100 
6 024 ph 1 3 1 0 1 100 
Cc 8 2 wk 20 sk 8 100 
7 pa ee 7 100 
7 Obs = 7 . 100 
6 024 ph 0 2 0 0 1 50 
D 7 By ies .20 sk 7 100 
if ANOS 7 100 
7 ANS) wa, 6 1 100 
6 .024 ph 1 1 0 0 0 33 
E 8 4” .20 sk 1 0 2 2 2 88 
8 SLD ey 0 0 1 0 4 63 
8 SOO jc 0 0 0 0 3 38 
6 .024 ph 0 0 i 0 0 17 
ty 9 LOM 20 sk 0 0 0 1 0 11 
8 ONS 0 0 0 0 0 0 
8 be 2 0 0 0 0 0 20 
6 .024 ph 0 0 0 0 1 17 

G 47 Control None 0 3 13 19 a 89§ 


* No. of mice chosen from surviving animals for each therapeutic group. 

+ sk = daily dose of Synkayvite containing phenol; ph = daily dose of phenol equivalent to 
amt received by test animals receiving highest amt of Synkayvite. 

} Fatalities occurring in 28 days after therapy was started. 

§ None of remaining mice died after 28 days; death from specific infection rarely occurs 30 


days post inoculation (2-5). 


ml or less will inhibit the growth of 7 of 8 
potentially pathogenic fungi tested while 1.2 
mg will inhibit the 8th. This effect was par- 
ticularly evident against H. capsulatum 
where 0.15 mg/ml of medium caused com- 
plete inhibition. However, this promising as- 
pect was not evident during im vivo studies. 
In fact, death rates were actually accelerated 
when previously infected mice received intra- 
peritoneal injection of Synkayvite. Death 
would occur within 20 to 240 minutes after 
administration of naphthaquinone with shock- 
like signs similar to those observed in non- 
infected’ mice receiving toxic doses of drug. 
This effect was particularly prominent during 
the 7 to 21-day post-infection time interval 
when peak deaths from specific infection oc- 
curred in untreated controls, but was not ap- 
parent when mice which had survived infec- 
tion 10 weeks previously received 28 daily in- 


jections of drug. Thus, it is suggested that 
the inherent toxic properties of Synkayvite 
are potentiated during the period of acute in- 
fection. Since histoplasmosis is a reticulo- 
endothelial disease and could alter liver func- 
tion in a patient with disseminated disease, 
the question arises as to whether the admin- 
istration of Synkayvite as a vit. K prepara- 
tion could possibly aggravate the disease 
process. These results suggest that close ob- 
servation for any toxic reactions be instituted 
in any patient with acute histoplasmosis who 
should, by any chance, receive a naphthoquin- 
one medication. 

Conclusions. 1. Tetrasodium 2 methyl-1, 
4-naphthohydroquinone disphosphoric acid 
ester in concentrations of 0.15 mg/ml inhib- 
ited completely the 7m vitro growth of H. 
capsulatum while 0.3 to 0.6 mg/ml caused 
complete inhibition of Nocardia asteroides, N. 
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braziliensis, Trichophyton mentagrophytes, 
Epidermophyton floccosum, Aspergillus fumi- 
gatus, and a species of Scopulariopsis. Micro- 
Sporon canis required 1.2 mg/ml for com- 
plete inhibition. 2. Six-week-old white mice 
could tolerate a single intraperitoneal or sub- 
cutaneous inoculation of Synkayvite up to 
0.4 mg/g of weight but not 0.45 mg. Mice 
could also tolerate up to 0.15 mg/g daily for 
28 days. 3. Mice infected with H. capsul- 
atum could not tolerate non-toxic doses (to 
normal mice) of Synkayvite. This effect was 
particularly apparent between 7 to 21 days, 
but not 10 weeks, after infection. 4. The 
possibility that this type of medication in 
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acute histoplasmosis could aggravate the dis- 
ease is suggested. 


1. de Saint-Rat, L., and Luteraan, P., Compte 
Rendu, 1943, v224, 1587. 

2. Campbell, C. C., and Saslaw, S., Proc. Soc. Exp. 
Brov. AnD Mep., 1950, v73, 469. 

3. Campbell, C. C., and Saslaw, S., Pub. Health 
Rep., 1951, v66, 570. 

4. Schaefer, J., and Saslaw, S., Proc. Soc. Exp. 
Brov. AND Mep., 1954, v85, 223. 

5. Saslaw, S., and Schaefer, J., zbid., 1956, v91, 412. 

6. Oster, K., and Golden, M. J., J. Am. Pharm. 
Assn., Scientific Edition, 1948, v37, 429. 


Received June 18, 1956. P.S.E.B.M., 1956, v92. 


(22625) 


Epwin G. O_msteEap, Donatp A. RotH, AND JOHN H. LUNSETH. 
(Introduced by John S. Hirschboeck.) 


Marquette University School of Medicine and Milwaukee County General Hospital, Milwaukee, Wis. 


It has been established that the plasma 
carbonic acid-sodium bicarbonate _ buffer 
group is the important buffer system in over- 
coming metabolic acidosis induced by accumu- 
lation of organic and inorganic acids. On the 
other hand, while the erythrocyte with its 
hemoglobin buffers as much as 92% of the en- 
dogenous carbonic acid, its effectiveness 
against fixed acids is uncertain. 

In a given clinical situation acidosis and 
anemia may co-exist as in the anemic phase 
of glomerulonephritis, an occasional case of 
diabetic acidosis and the late stage of pye- 
lonephritis. Bland(1) feels that hemoglobin 
as administered by transfusion of whole blood 
or red cell mass is fully as important a buffer 
as bicarbonate. This study was undertaken 
to determine whether the presence of anemia 
in itself had any adverse effect on the body’s 
ability to overcome an artificially induced 
metabolic acidosis. 

Materials and methods. ‘Three volunteer 
patients suffering from severe blood loss 
anemia due to bleeding peptic ulcer were 
studied. These patients had no evidence of 
cardiac, pulmonary, or renal disease. All tests 


were performed in the postabsorptive state. 
At 8:00 a. m. the morning of the test, the 
bladder was catheterized and the catheter left 
indwelling. Initial blood serum bicarbonate, 
chloride, sodium, potassium, non-protein nitro- 
gen, total and fractional proteins, and pH 
(Beckman pH meter) were determined along 
with red blood count and hemoglobin deter- 
mination. (Sahli). An aqueous ammonium 
chloride* solution was infused intravenously 
at a constant rate so that 200 mEq. of am- 
monium chloride would be administered in ex- 
actly a 4-hour period. 

At hourly intervals for the next 8 hours 
venous blood samples were obtained for pH 
and bicarbonate determination. At the same 
time the urinary catheter was opened and the 
urine collected under oil for determination of 
pH and total titratable acidity using 0.1 N 
NaOH and phenol red as an indicator. The 
pH of whole blood was determined at 25°C 
by transfer of the sample from a heparinized 
5 cc syringe to the Beckman electrode cup and 


* Ammonium chloride 400 mEq./1., furnished 
through the courtesy of Abbott Laboratories, North 
Chicago, Ill. 
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TABLE I. Changes in Blood pH and Blood Bicarbonate in Anemie and Normochromic Phase. 


Hb RBC —————_ mEq NH,0] —_—_—__, After 233, 
Patient (g/100c¢c) (million) Serum 0 50 00 150 200 mEq NaHCO, 
I 4.75 2.84 CO, 22.0 19.0 16.9 14.3 14.0 = 
pH 7.52 7.48 7.48 7.42 7.37 — 
13.0 5.42 CO, 22.9 20.7 19.0 17.3 16.0 = 
pH 7.50 7.43 7.45 7.42 7.40 — 
IL 6.0 3.22 co, 25.0 21.2 19.0 16.9 17.3 30.6 
pH 7.48 7.48 7.42 7.40 7.38 7.58 
14.0 5.36 CO, 26.4 22.9 19.9 18.6 LT 28.5 
pH 7.02 7.50 7.50 7.38 7.38 7.58 
Til 7.5 2.53 Co. 23.0 19.5 18.2 17.4 18.2 28.5 
pH 7.55 7.44 7.42 7.42 7.41 7.52 
13.0 4.50 CO, 22.3 20.3 JECT 20.3 AWiSih 27.5 
pH 7.52 7.45 7.42 7.45 7.38 7.56 


reading within a few seconds after transfer. 
Total serum carbon dioxide-bicarbonate was 
determined by the method of Van Slyke-Cul- 
len and was expressed as mEq./Liter of so- 
dium bicarbonate. 

Red cell mass was given intravenously dur- 
ing the next week until hemoglobin and red 
count values were at normal levels and the 
above procedure was repeated exactly ds out- 
lined. 

The procedure was varied in the last 2 pa- 
tients so that 233 mEq. of sodium bicarbonate 
were administered intravenously in one hour 
at the end of the seventh hour and the pro- 
cedure continued to determine the effect of 
infusion of sodium bicarbonate on blood pH, 
serum bicarbonate, urinary pH, and titratable 
acidity. 

Results. Infusion intravenously with 50 
mEq. of ammonium chloride per hour for 4 
hours causes a progressive drop in the blood 
pH to the end of the fourth hour, with a sub- 
sequent rise to initial levels at the end of 8 
hours. At the same time, the blood bicarbon- 
ate falls reaching its lowest level at the end 
of the fourth hour, rising slightly and continu- 
ing at low levels for the remainder of the 
8-hour period—the last 4 hours representing a 
state of compensated metabolic acidosis 
(Table I). The urinary pH rises and titrat- 
able acidity falls during the ammonium chlor- 
ide infusion; then the urine becomes very acid 
the last 4 hours and titratable acidity rises. 

Repeating the above test on the same pa- 
tient one week later with red blood count nor- 


mal and hemoglobin at least 13 g per 100 cc 
shows essentially no change from the blood 
and urinary pattern induced in the patient 
during the period of anemia. The last 4 hours 
of both procedures represent a state of com- 
pensated metabolic acidosis and although in 
one patient the bicarbonate was 14 mEq. dur- 
ing the anemic phase and 16 mEq. during the 
normochromic and normocytic phase, these 
small variations can hardly be considered sig- 
nificant. 

The second part of the procedure shows the 
effect of an infusion of 233 mEq. of sodium 
bicarbonate during the state of compensated 
metabolic acidosis induced in the same man- 
ner. During the period of anemia there is a 
prompt rise in blood pH and blood bicarbon- 
ate which rapidly goes to and exceeds normal 
limits during the next 3 hours. One week 
later following restoration of blood count and 
hemoglobin the test was performed again. 
Note identical response to infusion of bicar- 
bonate as during the anemic phase (Table I). 

There is a little difference in the blood pH 
or bicarbonate during infusion with ammo- 
nium chloride in the anemic phase as com- 
pared with the normochromic phase. Fur- 
ther, the response of this patient to correction 
of the acidosis with intravenous sodium bicar- 
bonate is identical whether the patient is 
anemic or has a normal amount of hemo- 
globin. Table I shows changes in blood pH 
and blood bicarbonate in patients in the 
anemic and the normochromic phase during 
ammonium chloride induced acidosis and cor- 
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TABLE II. Urine Changes. 


Hb After 233, 
(g/100 ec) Total* lhr 2hr 3hr 4hr Shr 6Ghr 7hr mEq NaHCO, 
— NH.Cl infusion —— 
I 4.75 mq acid excreted 8.76 78 1.25 1.19 1.00 1.61 .69 2.24 = 
Urine pH 6.22 5.96 5.90 5.72 5.40 5.28 5.10 a 
13.0 mEq acid excreted 8.28 he WAS ee IO ee FA OO = 
Urine pH 6.04 6.18 6.10 6.00 5.40 5.00 5.00 — 
II 6.0 mEq acid excreted 6.45 £50 49°" Le ~ 31° “1.30 79 1.45 0 
Urine pH 6.20 6.35 6.10 6.00 5.70 5.20 5.30 7.50 
14.0 mEq acid excreted 5.60 shS. So HOS? Cah S8iewr 208 1.05 21 
Urine pH 7.20 6.75 6.50 6.30 5.83 5.60 5.50 7.38 
iit 7.5 mEq acid excreted 6.75 1.20 1,42 S67 92) 9971-78. ESS 36 
Urine pH 6.2% (6b. 6.06 9 Seo Cock Bo 6.9 
13.0 mEq acid excreted 5.60 sr OZ Th 102, eee to 180 .28 
Urine pH 6.4, (65 Fos.” Gh See 8 5:8 7.0 
* Total titrable acidity of urine during and following administration of NH,Cl before administration 


of sodium bicarbonate. 


rection with sodium bicarbonate. Note the 
nearly identical response regardless of hemo- 
globin levels. The non-protein nitrogen, so- 
dium, potassium and total protein were all 
within the normal range for this hospital and 
are essentially unchanged in the anemic and 
transfused subject. 

Discussion. The body response to an acid 
load would depend upon and involve the (1) 
base bound bicarbonate, (2) serum protein, 
(3) the tissues which release base, and (4) 
the kidney acidification process. While it is 
possible that the erythrocyte with its base and 
hemoglobin buffer would normally piay a 
minor role in combatting acidosis induced by 
NH,Cl, the value of correction of severe 
anemia in overcoming metabolic acidosis has 
to our knowledge not been previously as- 
sessed(2). Administration of ammonia 
chloride to a patient would be equivalent to 
adding hydrochloric acid since the ammonium 
is readily converted to urea. In this study 
the factors which make up the bulk of the to- 
tal base of the body are held constant. Serum 
sodium, potassium, bicarbonate and protein 
concentrations are not appreciably altered by 
transfusion of the cell mass. The possibility 
that the plasma volume is expanded making 
the total base greater in anemia has not been 
excluded. Nevertheless, infusion of large 


quantities of red cell mass did not appear to 


offer any advantage in overcoming acidosis. 
The renal acidification mechanism is not ac- 


celerated following transfusion as is reflected 
in the same low total acid excreted in the 
urine (Table II). The erythrocyte does not 
appear significantly to resist acidosis directly 
or by transport of electrolytes to the kidneys 
or other tissues during the 8-hour period fol- 
lowing onset of infusion of ammonium chlor- 
ide. It would therefore appear that the height 
of the erythrocyte count and hemoglobin level 
of the blood has little, if anything, to do with 
overcoming the acidosis induced by am- 
monium chloride. Similarity of the blood and 
urinary pattern is striking and nearly identi- 
cal in the same patient when anemic and 
when having a normal blood count and hemo- 
globin level. Furthermore, response to cor- 
recting compensated metabolic acidosis with 
sodium bicarbonate is identical whether 
hemoglobin and red blood count are normal or 
subnormal. 

If these studies can be translated into clini- 
cal terms, it is suggested that in the anemias 
associated with uremic acidosis or diabetic 
acidosis, correcting blood count and hemo- 
globin levels would probably have very little 
effect on the accompanying acidosis. Although 
it may be important to have the red blood 
cell count normal because of the increased 
oxygen carrying capacity of the blood to vital 
organs, it is questionable whether the in- 
creased hemoglobin and red blood cell count 
would significantly combat the accompanying 
acidosis. 


826 


Conclusion. 1. Patients were made aci- 
dotic with intravenous ammonium chloride 
during a period when they were anemic and 
again during a period when the red blood 
count and hemoglobin values were normal. 
2. No significant change in range of blood 
pH, bicarbonate, urinary pH or titratable 
acidity was demonstrated during and follow- 
ing infused ammonium chloride during the 
period of anemia as compared with the period 
of normal red blood count and hemoglobin 
levels. 3. No difference in response to infu- 
sion of sodium bicarbonate during the state 
of compensated metabolic acidosis was noted 
when the patients were anemic as compared 
with a normal red blood count and hemo- 
globin level. 4. Correction of a severe ane- 


Serum Transaminase Levels in Experimental Pericardial Injury.* 


PERICARDITIS AND SERUM TRANSAMINASE LEVELS 


mia is not important in overcoming am- 
monium chloride-induced metabolic acidosis 
or in the correction of the ammonium chlor- 
ide-induced metabolic acidosis with sodium 
bicarbonate. 


The authors wish to thank Miss Dorothy Zoeller 
and Miss Evelyn Warteberg, medical technologists, 
Milwaukee County General Hospital, for their assist- 
ance in performing some of the determinations in this 
study. 
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Because of recent interest in serum gluta- 
mic oxalacetic (SGO) transaminase deter- 
minations in the differential diagnosis of myo- 
cardial infarction, measurements of the level 
of this enzyme were carried out after experi- 
mental production of acute pericarditis.t 

Method. Thirteen dogs were studied. 
Pericardial injury was produced in 9 animals, 
and the remaining 4 animals were used as con- 
trols. After the dogs were anesthetized with 
pentobarbital sodium, the chest was entered 
by splitting the distal 3 inches of the sternum. 
The following substances were placed in the 
pericardial sac: (1) one cc of sterile sand was 
used in 3 dogs; (2) one cc of sterile talc in 
one dog; (3) one cc of a virulent culture of 
alpha streptococci obtained from human 
blood cultures in 5 dogs; 2 of these were 
treated with penicillin and streptomycin to 


* Aided by funds from the Smart Family Founda- 
tion. 

t Reported in preliminary form at the Western 
Soc. for Clin. Research, Carmel, Calif., Jan. 1956. 


reduce the severity of the infection. The peri- 
cardial sac was then sutured with 5-0 silk and 
the chest was closed. The 4 control animals 
underwent a sham operation but without 
manipulation or incision of the pericardium. 
Twelve-lead electrocardiograms and SGO 
transaminase samples were taken on all dogs 
before operation and at 24-hour intervals over 
a period of 5 days after operation. The ani- 
mals were then autopsied and color photo- 
graphs were taken of the visceral and parietal 
pericardia. Tissue sections were obtained 
from representative areas of the pericardium 
and myocardium. The severity of pericarditis 
was estimated at autopsy and was correlated 
with the color photographs, microscopic path- 
ology, and electrocardiographic findings. The 
severity of the pericardial changes by electro- 
cardiogram were estimated on the basis of the 
amount of elevation of the ST segments. One 
mm elevation of the ST segments was classi- 
fied as mild, while an elevation of 5 mm or 
more in multiple leads was classified as severe 
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TABLE I. Correlation of Severity of Pericardial and Myocardial Injury with SGO Levels. 


Serum glutamic oxalaceti¢c 


Estimation of transaminase 

severity of injury Initial Peak Peak time 

level level after in- 

Dog No. Exp.agent Pericardial Myocardial (units) (units) jury (hr) 
1 Control 22 113 24 
2 re 16 40 22 
3 7 26 90 45 
4 a 33 128 24 
5 Sand Mild Mild 30 49 43 
6 a Strep* 3s 4 24 50 27 
7 vou ie 20 7 20 
8 Sand Moderate 2 40 61 22 
S a Strep af Moderate 20 130 46 
10 Sand Severe Mild 32 70 21 
1: Tale ae Moderate 52 206 20 
12 a Strep ¥ ye 28 284 48 
13 4 . Severe 26 392 23 


* Treated with penicillin and streptomycin. 


pericardial change. The extent of myocardial 
injury was judged from gross and microscopic 
appearance; that is, the depth to which the 
muscle showed damage grossly, and the loss 
of architecture, infiltration of inflammatory 
cells, loss of cross striations, etc., seen on 
microscopic study. This was done by 2 inde- 
pendent observers, neither having knowledge 
of the laboratory data. The agreement be- 
tween these 2 observers was good although 
not absolute. When disagreement occurred 
the slides were reviewed together until a com- 
posite estimate was obtained. 

The serum samples were analyzed for SGO 
transaminase activity by the method of La 
Due, e¢ al.(1,2) and correlated with all of the 
preceding data. 

Results. Comparative data are listed in 
Table I. Inflammatory changes were found 
to be limited to the heart. In general, the 
microscopic picture correlated well with the 
electrocardiographic changes but in a few in- 
stances severe inflammatory changes by his- 
tologic study were associated with minimal 
injury patterns in the electrocardiogram. In 
the 4 control animals, peak SGO transaminase 
levels ranged from 40 to 128 units. A similar 
rise in SGO transaminase was observed to fol- 
low chest surgery by Nydick, et al.(3) and is 
presumably due to skeletal muscle damage. 
In the 9 experimental animals, these values 
were from 49 to 392 units. Peak values were 
reached in approximately 24 hours in 9 ani- 


mals and in approximately 48 hours in 4 ani- 
mals. 

Animals in which both pericardial and myo- 
cardial changes were mild or moderate, 
showed peak SGO transaminase levels that 
were within the control range. Of the 4 ani- 
mals with severe pericarditis, 3 had SGO 
transaminase levels which were significantly 
elevated above control values. Two of these 
animals showed moderate myocardial dam- 
age. The third animal showed severe myo- 
cardial damage and a peak SGO transaminase 
level of 392 units, the highest in the series. 
In contrast, the peak SGO transaminase level 
was well within the control range in the ani- 
mal with severe pericardial but mild myo- 
cardial damage. 

Discussion. The clinical and electrocardio- 
graphic differentiation of acute pericarditis 
from acute myocardial infarction may at times 
be very difficult. In such instances, it would 
be very desirable to have other means of dis- 
tinguishing between these 2 entities. SGO 
transaminase levels have been shown to rise 
with acute myocardial infarction (1,2,4,5,6) 
and to be proportional to the amount of ex- 
perimentally produced myocardial damage 
(7). Normal SGO transaminase levels have 
been found in experimentally produced pul- 
monary infarction(8). Sub-epicardial myo- 
cardial damage is known to occur in clinical 
and experimental acute pericarditis and is 
likely the main, if not the only cause for the 
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electrocardiographic changes seen with this 
disease(9,10). Although more myocardial 
damage would be expected to occur with se- 
vere than with mild pericarditis, this is not 
invariable. The ECG is therefore not always 
reliable in estimating degree of pericardial in- 
jury. The data indicate that SGO trans- 
aminase levels may rise when acute peri- 
carditis is experimentally produced. Normal 
SGO transaminase levels were found when the 
associated myocardial changes were mild, re- 
gardless of the severity of pericarditis. The 
peak levels showed progressive rises with in- 
crease in severity of the myocardial changes. 
The level of SGO transaminase appears to be 
determined by severity of the associated myo- 
cardial damage rather than by pericardial 
changes per se. 


The SGO transaminase level, when ele- 
vated, does not help in distinguishing between 
acute pericarditis and myocardial infarction. 
When the SGO transaminase level remains 
normal, however, differentiation can be made 
between these two diseases, and the clinical 
and electrocardiographic diagnosis of peri- 
carditis confirmed. 


Conclusions. 1. Acute pericarditis was ex- 
perimentally produced in dogs using sand, 
talc and cultures of alpha streptococci. 2. 
The peak levels of serum glutamic oxalacetic 
transaminase were found to be proportional 
to the severity of sub-epicardial myocardial 
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damage rather than to the severity of peri- 
cardial injury. 3. The serum glutamic oxal- 
acetic transaminase levels help to distinguish 
between acute pericarditis and acute myo- 
cardial infarction only when the levels remain 
normal. 
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A previous communication reported the 
presence of spherical particles inside the endo- 
plasmic reticulum of Ehrlich ascites tumor 
cells which had been inoculated with anopheles 
A virus(1,2). A belief that these particles rep- 
resented the elementary bodies of anopheles 


*Present address: Sloan-Kettering Institute for 
Cancer Research, New York City. 


A virus was based on the following circum- 
stantial evidence: 1) Consistent size and 
structure; 2) high opacity in the electron 
beam after fixation with osmium tetroxide; 
3) localized occurrence in large numbers with- 
in a certain time interval following inocula- 
tion with the virus; 4) absence of similar 
particles in uninoculated tumor cells or those 


BEG 
oculated with anopheles A virus(1). 78,000. 


of the shell structures surrounded by membranes(1). 


infected with Mengo, Bunyamwera and New- 
castle disease viruses; 5) appearance of such 
particles in infected chorioallantoic mem- 


‘brane; 6) preliminary results based on ioniz- 


ing radiation with deuterons indicating a sen- 


sitive cross sectional area of the virus not in- 


consistent with the particles described from 
electron microscopy. 

Further studies have revealed similar par- 
ticles in the same location of cells not inocu- 
lated with anopheles A virus. 

Material and methods. The Ehrlich ascites 
tumor cells were from the same source as 
those used initially(1,2) i.e., from Dr. T. 
Hauschka of the Roswell Park Memorial 
Hospital, Buffalo, N. Y. and were maintained 
in the ICR (Institute for Cancer Research, 


Philadelphia) strain of Swiss albino mice at 
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. (a) Thick section (~50 mu) showing dense bodies in cytoplasm. 
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A as ne, : kobe 2 a 
ICR strain mice in- 
(b) Thin section (~30 my) showing profiles 
100,000. 


Lederle Laboratories. The same tumor has 
recently been transferred to the Swiss-Banks 
strain of mice and specimens from these have 
also been examined. 

Fixing and embedding. Suspensions of the 
tumor cells were drawn from the abdominal 
cavity and immediately mixed with 9 volumes 
of a 1% buffered osmium tetroxide solution 
(3) brought up to 0.34 osmolar with sucrose. 
After being fixed for 10 minutes the cells were 
washed, dehydrated, embedded in N-butyl 
methacrylate, sectioned with a Porter-Blum 
(4) microtome and examined in an RCA, 
model EMU-2B electron microscope. 

Observations. Morphology of body. Elec- 
tron micrograms of particles originally found 
only in cells inoculated with anopheles A virus 
are shown in Fig. 1. The particles do not 
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A single body found in cell 48 hr after in- 
ICR strain 


FIG. 2. 
oculation with neurotropic infiuenza. 
mice. 43,000. 


usually appear as perfect spheres since sec- 
tioning causes appreciable distortion and in 
some cases natural deviations from a true 
sphere are evident. Occasional profiles ap- 


FIG. 3. (a) 
% 43,000. 


Numerous bodies inside endoplasmic reticulum of uninoculated control cells. 
(b) Further enlargement of a portion of (a). Note horseshoe structures (arrows), 
Swiss-Banks strain mice. 
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pear horseshoeshaped with the open ends con- 
tinuous with the wall of the endoplasmic 
reticulum (Fig. 3). For practical purposes, 
however, they may be considered as spheres. 
The thin sections show profiles having a cen- 
ter of low electron density 25 to 30 mp» in 
diameter surrounded by a complex dense shell 
12 to 17 my thick, giving an overall diameter 
of 55 to 65 my. Very thin sections at higher 
magnification indicate that the shell is com- 
posed of dense though “hollow” globules 12- 
14 mp in diameter. 

Occurrence of bodies. Along with every 
preparation of cells which had been inocu- 
lated with virus, control, uninoculated cells 
were prepared. Twelve such preparations to- 
gether with 5 in which the ascites cells were 


X 85,000. 
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FIG. 4. Appearance of bodies in uninoculated cells carefully assayed for virus. ICR strain mice. 
x 55,000. 


inoculated with viruses other than anopheles 
A were examined in the electron microscope. 
The fact that the above-described bodies were 
not found in these controls does not mean 
that they were nonexistent, because electron 
microscopy cannot be used as an assay pro- 
cedure for, in general, it records only forms 
that are present in great abundance. The 
volume of any cell examined in a single sec- 
tion is about 0.1% of the total volume of a 
cell. However, besides the work in this lab- 
oratory there existed the extensive examina- 
tion of Ehrlich ascites tumor cells at the 
Sloan-Kettering Institute(5,6) in which none 
of the above-described bodies were ever seen. 
In cells not inoculated with anopheles A 
virus 2 or 3 of the bodies were first seen in the 
fall of 1955 in cells inoculated with neuro- 
tropic flu virus (Fig. 2). At that time the 
senior author transferred to Sloan Kettering 
Institute and started propagating the Ehr- 
lich tumor by transplanting cells from the 
Lederle-ICR mice at Pearl River to the Swiss- 
Banks mice at the Sloan Kettering Institute. 
After 26 passages in the latter mice cells were 
found to contain large numbers of the same 
type of structures located within the endo- 
plasmic reticulum jas were initially found only 
in cells inoculated with anopheles A virus 
(Fig. 3). A recent preparation of control 
cells directly from Lederle Laboratories also 
now contains the bodies in every section ex- 
amined (Fig. 4). These latter cells have been 
exhaustively tested by the Viral and Rickett- 
sial Division of Lederle for the presence of 


virus with only negative results. 

These bodies have also been identified in 
ascites tumor cells in other laboratories(7, 
8). 

Summary. Dense, spherical, shell-struc- 
tured bodies, measuring about 60 mu in di- 
ameter, which were originally associated only 
with anopheles A virus have now been found 
in uninoculated Ehrlich ascites tumor cells. 
These bodies are found in the cytoplasm 
within the lumin of the endoplasmic reticulum 
and in some instances they seem to be at- 
tached to or to be formed from the wall of 
the endoplasmic reticulum tubule. 


This work was supported by the Lillia Babbiit 
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American Cyanamid Co., Pearl River, N. Y. 
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The immunity induced by killed pertussis 
vaccine is known to be less durable and less 
complete than that induced by an attack of 
the disease. It seemed reasonable to attrib- 
ute this difference to some alteration of the 
antigen brought about by the procedures used 
to kill the organisms, and to attempt to secure 
a more complete and durable immunity by 
vaccinating with live organisms. The relative 
effectiveness of live and killed vaccines has 
previously been compared by means of the 
mouse intracerebral challenge test(1). It was 
found that live vaccine gave better protection 
to mice than did killed preparations (p = 
1%—0.1%). In extending this study to the 
vaccination of children, a method of assaying 
immunity was needed. Since it was not pos- 
sible to determine this by direct exposure, it 
was decided to compare the effectiveness of 
these two vaccination procedures by a test for 
passive protection in mice. Groups of sub- 
jects, injected with live and killed vaccine 
respectively, were bled at appropriate inter- 
vals. The serum was injected intraperiton- 
eally into mice which were then challenged 
with live H. pertussis by the intranasal route 
(2). This test has shown good correlation 
with immunity developing after the disease. 
Known immune individuals and adults (who 
are presumably immune) respond to a booster 
injection with a sharp increase in mouse pro- 
tective antibody; known susceptibles consis- 
tently fail to show any rise in protective 
power of their sera under these conditions(3). 

Using this test we have not been able to 
demonstrate superiority of the live vaccine in 
children, but some evidence of a difference in 
response to the live and killed vaccine was 
found. 

Observations have also been made of the 


* This study was supported by a grant from the 
U. S. Public Health Service, Department of Health, 
Education and Welfare. 


development of antitoxin, and of antibacterial 
immunity as measured by agglutination, in- 
dices which may be regarded as less significant 
than mouse protection. 

Methods and materials. A. Subjects. 
Half of 40 mentally defective children at the 
Willowbrook State School were given the live 
vaccine, the other half the killed vaccine. 
Age range was from 9 months to 11 years, for 
the most part between 18 months and 4 years. 
These children were selected after preliminary 
testing of their sera showed that they pos- 
sessed neither circulating antibacterial ag- 
glutinins nor passive protection for mice in the 
intranasal challenge test. 

B. Preparation of vaccines. H. pertussis 
strain #18323 was grown in Cohen and 
Wheeler fluid medium(4), and the 72 hr 
growth harvested and suspended in phosphate 
buffer (0.02 M—pH 7). The cells were 
washed once with the buffer, then resuspended 
to a concentration of 20 billion organisms/ml. 
The cells thus suspended in phosphate buffer 
were used as the live vaccine preparation. It 
was used for inoculation within 4 hours of har- 
vesting of the cells. 

The killed vaccine was prepared by adding 
0.001% merthiolate to the above preparation 
and storing in the refrigerator; the cells were 
usually nonviable after 4 weeks and non-toxic 
after 2-3 months. One small group received 
the killed vaccine after one month, when the 
bacilli were no longer viable although the vac- 
cine was still somewhat toxic, in order to use 
aliquots of the same cells for both the live and 
killed vaccine groups. As immunizations were 
spaced at monthly intervals, bacilli of the 
previous month’s live vaccine were used the 
following month for inoculation of the killed 
vaccine group. 

C. Scheme of immunization and bleeding. 
The vaccines were divided into 4 doses of 10 
billion, 20 billion, 20 billion, and 20 billion 


ee 


LIVE VACCINE 


_ MILLILITER OF SERUM REQUIRED TO PROTECT 50% OF MICE 


SWUMBERS IN BILLIONS ~ 
FIG. 1. Response of children to immunization with H. pertussis vaccine. 


organisms (0.5 ml, 1 ml, 1 ml and 1 ml) and 
injected at monthly intervals. Injections 
were given deep into the deltoid muscle of 
older children or the buttock of the younger 
ones, alternate sides being used. Blood was 
drawn before the first inoculation, 4 weeks 
after the second, and 2 months after the final 
injection. After 12 months had elapsed, a 
booster dose of 20 billion organisms in 1 ml 
volume of a heterologous killed vaccine was 
administered to both -groups of children. 
Blood was drawn at this time and again 10 
days later. 

D. Methods of assay. The mouse protec- 
tion tests and antibacterial agglutination titers 
were performed by methods previously de- 
scribed(5). Two methods of titration of an- 
titoxin were used. The sera of individuals in 
each group were tested against 2-4 S.D./50 
of pertussal toxin intradermally in rabbits 
(6). Pools were made of sera from each vac- 
cine group and tested against 2-4 L.D./50 of 
toxin intraperitoneally in mice(7). When- 
ever possible the sera of individuals from 
both groups were assayed together, all sera of 
each individual being tested at one time. 

E. Reactions to Live and Killed Vaccine. 
Children given the killed vaccine preparation 
developed neither local nor systemic reactions 
of any note; there was no evidence of local 
tenderness, erythema, or induration, and there 
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Mouse Protective Antibody Titers 


KILLED VACCINE 


MILLILITER OF SERUM REQUIRED TO PROTECT 50% OF MICE 


were no temperatures recorded above 101°F. 
Among the 20 children given the live prepara- 
tion, 5 developed fever between 102-103° 
which could be attributed to the inoculation 
of the vaccine. Three of these children 
showed a similar rise of temperature after the 
second inoculation; thereafter, temperature 
rises were less marked. Local reactions de- 
veloped in 7 of the 20 children, 3 moderately 
severe and 4 severe. The remaining 13 chil- 
dren either did not develop local reactions or 
developed only a very small hard nodule 
which could be palpated deep in the muscle. 
The 3 reactions classified as moderately severe 
were those showing erythema and induration 
up to 2-4 cm in diameter; erythema faded 
rapidly and induration disappeared within 7 
days. Severe reactions were characterized by 
the presence of erythema and induration up 
to 4-6 cm in diameter. These reactions often 
persisted for longer than one week and oc- 
casionally for 3 weeks. These children ap- 
peared to develop areas of sub-surface ne- 
crosis, but none of the areas showed actual 
ulceration. One child developed this type of 
reaction after each of the 4 injections. An- 
other developed a severe reaction after each 
of the first 3 injections. The remaining 2 
children showed such reactions only after the 
first injection. 


Results. A. Mouse protective antibody 
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FIG. 2. Response of children to immunization with H. pertussis vaccine. 


titers. Fig. 1 shows the results of the passive 
protection tests in mice challenged intra- 
nasally. Initial response: In those who re- 
sponded to primary immunization the titers 
that developed ranged from a P.D./50 of 0.15 
ml to 0.024 ml in the live vaccine group and 
from 0.16 ml to 0.024 ml in the killed vaccine 
group. Five of the 20 children who were 
given live vaccine did not develop circulating 
mouse protective antibodies. The sera of 6 
of the 20 children given killed vaccine also 
showed no rise in this antibody. Over a 12 
month period the levels of circulating mouse 
protective antibody among the children given 
live vaccine dropped markedly and were still 
measurable in only 2 individuals. The same 
was not true of those receiving the killed vac- 
cine. The children in this group who had de- 
veloped substantial protective titers after im- 
munization retained these titers at moderate 
levels at the end of the 12 month period. 
Booster response: A booster injection was 
given one year after the primary immuniza- 
tion had been completed. In response to 
this booster injection, 10 of the 20 children 
given the live vaccine developed a 20 to 50- 
fold or greater increase in mouse protective 
antibody titer. Six of the children showed a 
4 to 10-fold increase. The remaining 4 chil- 
dren showing little or no increase after the 
booster injection were those who had failed 
to respond to primary vaccination; the fifth 
child who had not developed measurable anti- 
bodies did show a significant booster response. 
Fourteen out of 20 children given the killed 


vaccine responded with increases in titers of 
roughly 4 to 10-fold; the remaining 6 chil- 
dren who failed to respond had originally 
failed to produce mouse protective antibody 
after primary immunization. 

B. Antibacterial agglutinin and antitoxin 
titers. Fig. 2 shows antibacterial agglutinin 
titers developed by the children immunized 
with the 2 vaccines. Essentially there were 
no significant differences in the results. After 
primary immunization 6 of the children given 
the live vaccine did not develop agglutinins 
and only one of these children showed ‘a slight 
response to the booster injection. Although 
all 20 individuals given killed vaccine showed 
increases in titer after immunization, ‘re- 
sponses in a few instances were low. On the 
whole, both groups showed a comparable re- 
sponse to the booster injection. The majority 
of titers after primary immunization were in 
the range of 1:160-1:320 and from 1:640- 
1:1280 after the booster injection. Neutral- 
ization of pertussal toxin was not demon- 
strated with sera of either vaccine group. 

Discussion. The results of this study give 
no clear-cut answer as to the merits of the 2 
types of vaccine. The number of. subjects 
who responded poorly by any criterion is more 
than would have been anticipated and raises 
some question as to whether mental defectives 
aS a group are as readily immunized as the 
population at large. We also cannot explain 
the apparently different response to the live 
and killed vaccine—the more rapid loss of 
mouse protective antibody titer and the 
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greater booster response seen in the case of 
the live vaccine. It is unfortunate that an 
opportunity to challenge the immunity of the 
two groups did not present itself. To date— 
some 2 years after immunization was com- 
pleted—no exposure to whooping cough has 
occurred. 

Summary. 1. The relative effectiveness of 
live and killed H. pertussis vaccine has been 
studied in children. 2. By means of a pas- 
sive mouse protection test, using the intra- 
nasal route of challenge, a more rapid loss of 
antibody after primary immunization and a 
greater booster response was observed with 
live vaccine. 3. Severe local reactions oc- 
curred in some children given the live vac- 
cine. 
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Studies in Pertussis Immunity: IV. Booster Response in Man Induced by 


Various Fractions of H. pertussis.* 


JEANETTE L. WINTER. 


(22629) 


(Introduced by L. E. Holt, Jr.) 


Department of Pediatrics, New York University College of Medicine and the Willowbrook 
State School, New York City. 


It has previously been reported(1) that 
sera of children convalescing from whooping 
cough show a consistent rise in mouse protec- 
tive antibody. Similarly it has been found 
that a high percentage of adults respond to a 
booster injection of killed pertussis organisms 
with a sharp rise in this same antibody. The 
present report deals with the ability of vari- 
ous fractions of the H. pertussis bacillus to in- 
duce this recall response. Four antigens or 
fractions have been studied: 1) the agglutino- 
gen of Smolens and Mudd(2), 2) the protec- 
tive antigen of Pillemer(3), 3) the hemag- 
glutinin of Keogh and North(4), and 4) the 
soluble fraction of Pennell and Thiele(5). 
Whole cell vaccine was used as the control 
booster stimulus. 

The study was carried out in a group of 100 


* This study was supported by a grant from the 
U.S. Public Health Service, Dept. of Health, Educa- 
tion and Welfare. 


adults at the Willowbrook State School. Each 
fraction was tested in 20 individuals and 20 
were injected with the control killed vaccine. 
Blood was drawn prior to intramuscular in- 
oculation of the test booster dose and again 
10 days later. The sera were tested for the 
presence of antibacterial agglutinins as well 
as for their ability to protect mice against in- 
tranasal inoculation with lethal doses of Z. 
pertussis. 


Methods and materials. A. Preparation of 
the fractions. H. pertussis strain #18323 
(Kendrick) was used for the fractions pre- 
pared in this laboratory. The organisms were 
grown in Cohen and Wheeler fluid media(6) 
and collected after 72 hrs incubation. Ag- 
glutinogen was prepared by the acid extrac- 
tion method of Smolens and Mudd(2). The 
final preparation assayed at 1000 agglutinin 
absorbing units/ml; 250 or 500 units in 0.5 
ml was used as the booster dose. This prepa- 
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TABLE I. Agglutinin Response of Adults to a Booster Dose of Various Pertussis Antigens. 


Agglutinogen Soluble anti- 


Intracerebral 


(Smolens and gen (Pennell protective anti- Wholecell Hemagglutinin 
Mudd) and Thiele) gen (Pillemer) vaccine (Masry) 
No. of individuals showing 
response 19 18 13 12 7 
Total No. of individuals 20 20 20 20 20 
% of response 95 90 65 60 35 


ration contained <2 E.D./50 ml when tested 
by the intracerebral potency test(7). Pille- 
mer’s protective antigen: Lot #134L32, sup- 
plied through the courtesy of Dr. H. D. 
Piersma of the Lederle Laboratories, did not 
absorb agglutinins (<25 units/ml) and as- 
sayed at 91 E.D./50/ml in this laboratory 
when tested for intracerebral potency. The 
product was labeled as containing 26 pro- 
tective units/ml(8). Approximately 23 
E.D./50 or 6.5 protective units in 0.5 ml was 
used to test for booster action. Protective 
Antigen was also prepared in this laboratory 
from strain #18323 by a method similar to 
that described by Pillemer(3). It was not 
as potent as Pillemer’s preparation contain- 
ing only 25 E.D./50/ml. It differed from 
Pillemer’s own antigen in that it showed ag- 
glutinin absorbing activity. The product was 
concentrated by centrifuging down the stroma 
and resuspending it in a smaller volume of 
saline; 20 E.D./50 in 0.5 ml was used for the 
booster tests. 

Hemagglutinin Antigen was prepared by 
extraction #18323 cells with molar sodium 
acetate for 24 hours at 37°C(9). The hemag- 
glutinin present in the crude extracts was then 
adsorbed on to stroma by incubating at 37°C 
for one hour in the waterbath; the stroma 
was washed several times with saline and 
finally resuspended in saline. The final prod- 
uct did not absorb agglutinins (<25 units/ 
ml), and did not protect against intracerebral 
infection (<5 E.D./50/ml). It contained 
40 hemagglutinin units/ml; 20 units in 0.5 
ml served as the booster dose. 

Soluble Antigen was obtained through the 
courtesy of Dr. W. F. Verwey of Sharp and 
Dohme Laboratories. Lot #1148-4B was 
used in these experiments. It had been pre- 
pared by the method of Pennell and Thiele 


(5) and was an alum precipitated product. 
This preparation contained 1000 agglutinin 
absorbing units/ml and 71 E.D./50/ml by 
the intracerebral potency test when assayed 
in this laboratory; 250 or 500 units of agglu- 
tinogen and 17 or 35 E.D./50 in 0.5 ml were 
used as the booster stimuli. Whole cell vac- 
cine was prepared from H. pertussis strain 
#18323 and suspended in phosphate buffer 
(0.02 M—pH7) after once washing the cells 
with the buffer Two different lots were used. 
They contained 200 agglutinin absorbing 
units/ml each and assayed at 50 E.D./50/ml 
and 81 E.D./50/ml respectively. 100 units 
of agglutinogen and 25 or 40 E.D./50 in 0.5 
ml were used as the booster dose. 

B. Assay of the response to the booster 
dose. Determination of the antibacterial ag- 
glutinin titers and the intranasal passive pro- 
tection tests were performed by methods pre- 
viously described(1). 5 

Results. A. Booster response in adults as 
measured by rises in antibacterial agglutinin 
titers. Table I shows numbers of individuals 
in each of the 5 groups developing increases in 
agglutinins. The best responses were ob- 
tained with agglutinogen and soluble antigen 
complex. Hemagglutinin gave the poorest 
response. 

B. Booster response in adults as measured 
by mouse protection tests. Mouse protective 
antibody was determined in 10 of the 20 
subjects studied in each group. The labor in- 
volved in these tests precluded studying the 
entire group. The sera tested were those which 
had shown the greatest response in antibacter- 
ial agglutinins. Considerable discrepancies 
exist between the results of agglutination and 
mouse protection tests (Fig. 1). The soluble 
antigen gave an excellent response in both 
tests. However, the agglutinogen which gave 
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FIG. 1. Booster response of man to fractions of H. pertussis. 


excellent agglutinin titers performed poorly 
when tested for mouse protection. Con- 
versely, the hemagglutinin, a poor agglutinin 
producer induced a satisfactory mouse protec- 
tive antibody response. Results with the in- 
tracerebral protective antigen were not strik- 
ing when measured by either test. Whole 
cell vaccine which served as the control 
showed greater increases in mouse protection 
than in agglutinins. Where 2 different levels 
or 2 different preparations of a given antigen 
were used, there was no difference in the re- 
sponse observed. 

Discussion. When passive protection in mice 


against intranasal challenge was used as the 
index of booster response, only the soluble 
antigen and hemagglutinin gave results com- 
parable to whole cell vaccine. The complex 
nature of the soluble antigen fraction, be- 
lieved to contain all the immunogenic activity 
of the intact organism(5), does not permit 
any conclusion as to the specific antigen re- 
sponsible for the protection observed. The 
hemagglutinin on the other hand did not pro- 
duce a good agglutinin response, nor did it 
protect against intracerebral challenge in ac- 
tive immunization experiments. It was some- 
what surprising therefore to find that this 
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fraction was capable of stimulating a booster 
response in mouse protective antibody against 
intranasal challenge. The further finding 
that the intracerebral protective antigen did 
not perform well in this study suggests that 
protection against intracerebral and intranasal 
manifestations of pertussis infection in mice 
depend on different mechanisms. Keogh and 
North(4) had originally postulated hemag- 
glutinin as the protective antigen against in- 
tranasal challenge. Except for the present 
study, subsequent evidence(1,9), has not sup- 
ported this view. Since in our experiments as 
well as those of Keogh and North, hemag- 
glutinin was adsorbed on to stroma from crude 
extracts of the H. pertussis organism, it is 
possible that antigens other than hemag- 
glutinin may have played a role in the mouse 
protective antibody response observed. ‘The 
question arises where deductions can be made 
in regard to the relative value of these dif- 
ferent antigenic agents in protecting against 
the disease. Admittedly extensive field trials 
are needed to answer the question definitely, 
but it would appear that the multiple antigens 
such as whole organisms or the soluble anti- 
gen have more to offer than single antigens 
for their greater ability to develop antibodies 
associated with protection against both intra- 
cerebral and intranasal challenge of mice. The 
value of antigens which fail to perform well 
in mouse protection tests, although they are 
good producers of other antibodies remains 
questionable. 
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Summary. A comparison has been made of 
the ability of 4 different pertussis antigens to 
produce a booster antibody response. Using 
increase of mouse protective antibody as 
measured by intranasal challenge as the cri- 
terion, excellent results were obtained with 
both soluble antigen and hemagglutinin. An — 
explanation of the findings with the latter 
antigen is discussed. 


We gratefully acknowledge the cooperation of Dr. 
Harold H. Berman and Dr. Martin Lazar of the 
Willowbrook State School in planning and carrying 
out this study. We also wish to thank Dr. Robert 
Ward and Dr. L. Emmett Holt, Jr., of this depart- 
ment, for their help and encouragement. Loretta 
Brown gave excellent technical assistance. 
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A number of viruses shown to be outside 
of the poliomyelitis, Coxsackie, and adeno- 
virus groups, have been isolated from stool 
specimens of cases diagnosed as nonparalytic 
poliomyelitis, as well as from specimens ob- 
tained from normal children. Labelled echo 
(enteric cytopathogenic human orphan) vi1- 
ruses, they have been found to fall into at 
least 14 distinct antigenic types(1). The eti- 
ological relationships of the echo viruses to 
disease remain to be established. Evidence is 
presented here to show that one virus of the 
group, Type 6, seems capable of producing 
the aseptic meningitis syndrome. Suspicion of 
an etiological relationship was aroused when 
the virus was first recognized in 1954, for the 
first 3 strains isolated came from 3 cases of 
aseptic meningitis in Providence(2). We 
have found it only once among 212 enteric 
viruses isolated during a longitudinal study 
of healthy children(3,4). 

Methods. Viruses were isolated and iden- 
tified in monkey kidney cultures, and anti- 
body determinations made, by methods al- 
ready described(4). Specimens were collected 
as widely as possible in 1955 from patients in 
Connecticut hospitalized with the diagnosis of 
poliomyelitis, as a part of a study on the 
evaluation of poliomyelitis vaccine. They in- 
cluded a stool and serum sample obtained 
from each patient as soon after onset as pos- 
sible and a second serum a few weeks later. 
Complement-fixing (CF) and _ neutralizing 


* Aided by a grant from the National Foundation 
for Infantile Paralysis, Inc. and by a contract with 
the Communicable Disease Center, U. S. Public 
Health Service. We wish to acknowledge the partici- 
pation of the Connecticut State Department of 
Health and particularly of Dr. Mila Rindge, who 
not only informed us of many of these cases but also 
assisted in the collection of specimens. Material was 
also made available from Providence, R. I., through 
the kindness of Dr. Joseph Smith, Supt. of Health. 

+t Epidemic Intelligence Service Officer, Com- 
municable Disease Center, Atlanta, assigned te Yale 
Poliomyelitis Study Unit, New Haven. 


(Nt) antibodies against the polioviruses were 
determined on all sera collected. Nt antibody 
titrations were carried out using 4-fold dilu- 
tions of serum against 100 TCDs» of virus. 

Results. Virus isolations. Fecal specimens 
were collected and tested from 58 paralytic 
and 137 nonparalytic patients. All but 4 of 
the specimens considered here were collected 
within 3 weeks of onset. In the nonvac- 
cinated group of 144 cases, the ratio of para- 
lytic to nonparalytic cases was 1 to 1.8, simi- 
lar to that of previous years in this area, but 
markedly different from the ratio of 1 to 7.5 
among the 51 vaccinated cases. 

The results of the tests (Table I), may be 
summarized as follows: Poliovirus, chiefly 
type 1, was isolated from 39 of 52 nonvac- 
cinated paralytic cases (75% positive) and 
from 3 of 6 vaccinated paralytic cases. In 
contrast, poliovirus was isolated in only 23 
of 92 nonvaccinated nonparalytic cases (25% 
positive), and in only 5 of 45 vaccinated, non- 
paralytic cases (11% positive). There was 
no significant difference in the isolation of 
echo viruses or Coxsackie viruses in the vac- 
cinated and nonvaccinated groups. 


Of 45 viruses isolated from paralytic pa- 
tients, 42 were poliovirus (39 type 1). Type 
6 echo virus was isolated from a paralyzed pa- 
tient, who probably had a mixed polio-echo 
infection. Even though poliovirus was not 
isolated, the Nt and CF antibody responses 
were those characteristic of poliomyelitis in- 
fection(5). Another paralyzed patient also 
was considered to have had a mixed infec- 
tion, polio and Coxsackie A9. Although polio- 
virus was not isolated from this patient, it was 
isolated from his brother, and in addition, the 
patient gave Nt and CF antibody responses 
of poliomyelitis. A third case yielded only 
Coxsackie B4 virus, but as only a single acute 
phase specimen was obtained, the serum 
studies are incomplete. 

Of 69 enteric viruses isolated from the non- 
paralytic cases, 28 (41%) were polioviruses 


840 Ecuo-6 Virus AND Aseptic MENINGITIS 
TABLE I. Viral Isolations Obtained in Specimens Submitted from Cases of ‘‘ Poliomyelitis’’ in Conn. 
during 1955. 
Nonyaccinated Vaccinated Total 

Non- Non- _ Non- 

Paralytie paralytic Paralytic paralytic Paralytie paralytic 
Total cases studied (specimens col- 52 92 6 45 58 137 

lected within 3 wk of onset) * 
No. yielding virus 42 45 3 24 45 69 
Poliovirus Type 1 36 22 3 5 39 27 
2 2 0 0 0 2 0 
3 1 1 0 0 1 1 
Echo virus Types 1, 2,3, 4,5 0 0 0 0 0 0 
6 1t 9 0 12 1t 21 
7, 8,9, 10, 11, 12,13, 14 0 0 0 0 0 0 
Not typed 0 1 0 3 0 a 

Coxsackie virus Type A9 1} 1 0 0 1} L 
Bl 0 0 0 0 0 0 
B2 0 5 0 i 0 6 
B3 0 2 0 0 0 2 
B4 1§ 7 0 3 1§ Zi 
B5 _ 0 0 0 0 0 0 


* Stool specimens from 10 paralytic cases collected between 22 and 115 days yielded 3 positives: one, 
a type 1 poliovirus isolated from a nonvaccinated case 50 days after onset; one, a type 2 poliovirus iso- 
lated from a nonvaccinated case 35 days after onset; and one, a type 1 poliovirus isolated from a vac- 
cinated case 29 days after onset. Of 8 stools from nonparalytic cases collected between 22 and 45 days, 
one nonyaccinated case yielded type 1 poliovirus 22 days after onset. Of the late specimens, only these 


4 are included in the results above. 


t Probably mixed polio-echo type 6 infection. Although poliovirus was not isolated from the patient, 
CF and Nt antibody responses were characteristic of a polio-infection. 

; Probably mixed polio-Coxsackie A9 infection. Although poliovirus was not isolated from the pa- 
tient, it was isolated from his brother. Furthermore, the patient gave a CF and Nt antibody response 


characteristic of polio-infection. 


§ Only Coxsackie B4 virus was isolated. An acute serum, the only one collected, failed to show polio- 


CF antibodies. 


(27 type 1), 25 (36%) were echo viruses, and 
16 (23%) were Coxsackie viruses. Of the 
Coxsackie viruses, 6 were B2, 2 were B3, 7 
were B4, and only 1 was A9.+ Of the echo 
viruses, 21 were type 6, and 4 were unrelated 
to any of the 14 recognized types. Thus with 
the exception of poliovirus type 1, echo type 
6 was encountered in this series more than 
any other virus. 

When the nonparalytic cases are separated 
by age groups (Table II), the results may be 
summarized as follows: In the 5-10 age group, 
the only group vaccinated in 1955 in Connec- 
ticut, poliovirus was isolated from 5 of 45 
vaccinated cases (11% positive), all type 1, 


In early spring 1956, however, when only 3 
viruses were isolated in Conn. from the first 9 cases 
of aseptic meningitis seen, all 3 proved to be Coxsack- 
ic A9. This virus was isolated again in August from 
another patient with aseptic meningitis, Type A9 be- 
ing obtained both from the stools and from the cere- 
brospinal fluid. 


and 6 of 22 nonvaccinated cases (27% posi- 
tive). In the same age group, type 6 echo 
virus was isolated from 12 of 45 vaccinated 
cases (27% positive) and 6 of 22 nonvac- 
cinated cases (27% positive). Coxsackie 
viruses were isolated from 4 of the vaccinated 
cases (9% positive) and 2 of the nonvac- 
cinated cases (9% positive). Poliovirus was 
isolated from all of the age groups studied 
(with the exception of the 5 patients over 30 
years). Similarly, Coxsackie viruses were 
found in all the age groups. However, the 
type 6 echo viruses were all isolated from 
children aged 5-13 years. The paralytic cases 
are not considered by age groups because most 
of the cases were positive and yielded polio- 
virus. 

Serological findings. Multiple collections 
of serum were taken from the echo type 6 
excretors, and Nt antibody titers were deter- 
mined against the patient’s own virus as well 
as against the D’Amori strain, the prototype 
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TABLE II. Viral Isolations from Nonparalytie Cases in Relation to Age. 


Age groups iE: 5-10 5-10 11-20 21-30 >30 Total 
Non- 
vaccinated Vaccinated 
Cases studied 11 22 45 25 22 5 130 
Poliovirus isolations 5 6 5 8 4 0 28 
Echo-6 2 0 6* 12 3 0 0 re sa 
Coxsackie 4 2 2 4 4 2 2 16 


* Not included in this table are 3 additional cases from Providence, R.I., studied in 1954, 


which yielded. echo-6 virus. 


strain of echo type 6 virus. As similar 
homologous and homotypic titers were found, 
hereafter only the titers against the prototype 
strain are considered. The results of the tests, 
as shown in Table III, may be summarized 
as follows: Echo-6 excretors produced homo- 
typic antibodies more slowly, and at lower 
titer than the poliovirus excretors produced 
homotypic polio-antibodies. Polio-antibody 
titers were essentially unaffected in excretors 
of echo-6 virus. 

Specific examples giving vaccination status, 
poliovirus Nt and CF, and echo-6 Nt anti- 
body titers are listed in Table IV. All of 
these cases were excreting echo-6, the stool 
being collected at the time the first serum was 
drawn. The first two patients listed were not 
vaccinated. Each demonstrated poliovirus 
Nt antibodies to a single poliovirus type, with- 
TABLE III. Neutralizing Antibody Titers* in 
Aseptic Meningitis Patients (Age 5-13 Years) In- 


fected with Echo Virus Type 6 or Poliovirus 
ype pit. 


Convales- 
Acute, cent, over 
1-7 dayst 7 dayst 


Ec¢ho-6 donors 


Nonvaccinated sera tested 9 pairs 
Echo-6 serum titers <10 100 

: Polio-b Laas? 50 50 

Vaecinated sera tested 11 pairs 
Echo-6 serum titers <10 50 
Polio-l ” ce 256 256 

Polio-1 donors 

Nonvaccinated sera tested 4 pairs 
Polio-1 serum titers 150 200 

Vaccinated sera tested 3 pairs 
Polio-1 serum titers 100 200 


* Geometric mean. 

t Interval in days between onset of illness and 
collection of serum. Only paired sera in which the 
acute specimen was drawn during first week are 
included. 


out a change in titer being noted during the 
course of the disease. As the CF tests were 
negative, the Nt antibodies are assumed to 
represent a past subclinical polio-infection, 
for no history of poliomyelitis was obtained. 
Other patients failed to have any detectable 
antibodies against any of the poliovirus types. 
Two patients listed had been vaccinated, each 
having received 2 doses of formalinized vac- 
cine, about 2 months prior to infection with 
the echo virus, which probably accounts for 
their elevated levels of poliomyelitis Nt anti- 
bodies. Again the polio-antibodies remained 
constant during the course of the illness. In 
contrast all 4 patients demonstrated a rise in 
antibodies to echo-6 virus, as did all of the 
echo-6 excretors from whom adequately 
spaced serum specimens were collected. 
Signs and symptoms. Clinical data were 
obtained from the patients studied. Only the 
results of the study of aseptic meningitis cases 
associated with echo-6 virus, the Coxsackie 
group B viruses, and poliovirus-1 are shown 
in Table V, where the cell counts of the cere- 
brospinal fluids are also noted. It may be 
seen that the symptomatology among the 3 
groups was not significantly different. Fever, 
malaise, headache and stiff neck were most 
commonly encountered. Stiff back, back 
pains, muscle pain, vomiting and sore throat 
were occasionally encountered, and abdominal 
pains and constipation were infrequently 
found. An increased number of cells in the 
spinal fluid was noted in all excretors of 
echo-6 virus in which a lumbar puncture was 
performed. The number of cells ranged from 
12 to over 300 with about 75 cells per c. mm. 
being the average count. Eight of 11 Cox- 
sackie excretors showed increased cells in the 
spinal fluid. Twenty of 23 poliovirus-1 ex- 
cretors showed increased cells in the spinal 
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TABLE IV. Titers of Polio-Types I, II and III and Echo-6 Antibodies in Paired Sera of Asep- 
tic Meningitis Patients Execreting Echo-6 Virus. 


-——— Poliovirus antibody titer———_, Echo-6 
Complement neutralizing 
Days after Neutralization fixation antibody 

Age onset I Ir III leet ael Gey sleet titer 
6 (nonvaccinated) 3 <4 <4 64 0 0 0 <10 
45 <4 <4 64 0 0 0 100 

6 mh 1 DOC = Wc ee <ce 0 0 0 <10 
31 206 0 <4 <a 0 0 0 100 

8 (vaccinated) 5 256 1024 1024 0 0 0 <10 
12 256 1024 1024 0 0 0 50 

6 ‘ 4 64 1024 16 0 4 0 10 
18 64 1024 16 0 4 0 100 


fluid. Here again, by use of the cell count, no 
significant differences were present between 
the 3 groups. 

Discussion. Even though it has long been 
known that aseptic meningitis may be caused 
by a variety of agents(6,7), a large propor- 
tion of cases are still of unknown etiology. 
With the increasing use of tissue culture tech- 
nics, a number of new agents have been iso- 
lated from patients manifesting this -syn- 
drome. This might well be merely a reflec- 
tion of the type of case studied. Before a 
newly recognized agent can be said to be the 
etiological agent of a disease, it must be 
shown to have a high correlation with the oc- 


TABLE V. Clinical Features of Aseptic Menin- 
gitis Patients Associated with Echo-6, Coxsackie 
B and Poliovirus Excretion. 


Coxsackie Polio- 


Signs and symptoms Echo-6 B virus 
Fever and malaise 21/21: 11/13 19/20 
Headache 17/21. LAYS 17/20 
Stiff neck 18/21 12/13 17/20 

” back 8/21 3/13 10/20 
Back pain 4/21 3/13 8/20 
Muscle ”’ 4/21 3/13 7/20 
Vomiting 15/21 5/13 10/20 
Abdominal pain 3/21 0/13 0/20 
Sore throat 5/21 4/13 10/20 
Diarrhea 0/21 0/13 0/20 
Constipation 0/21. 1/13 3/20 


CSF pleocytosis (LP per- 
formed 1-10 days after 
onset with the majority 
being done on 2nd day) 


Less than 10 cells 0/18 3/11 3/23 
10- 24 cells 1/18 0/11 1/23 
25-199” 9/18 4/11 8/23 

100-300 ” 5/18 1/11 8/23 

Over 300 ” 3/18 3/11 3/23 


More than 10 cells 18/18 8/11 20/23 


currence of the illness. The situation is not 
simple in the case of a syndrome having a 
diverse etiology and a virus which does not 
produce disease in laboratory animals. Nev- 
ertheless, the present report of echo virus type 
6 as the only agent associated with 24 cases 
of the disease lends strong support to the view 
that this virus is one of the etiological agents 
of aseptic meningitis. Infections produced 
with the virus in this series of cases were of 
the classical type, in that antibody rises were 
readily demonstrated in paired sera. At the 
recent Conference on Viruses in Search of Dis- 
ease, 3 different laboratories(8,9,10) also 
commented on finding a high degree of asso- 
ciation of echo-6 virus with aseptic meningitis 
cases, including the isolation of the agent 
from the cerebrospinal fluid in some of the 
patients studied(9). 


Summary. In a study of vaccinated and 
non-vaccinated “poliomyelitis” patients in 
Connecticut during the summer and fall of 
1955, 78% of the paralytic, but only 50% 
of the nonparalytic, cases yielded viruses cy- 
topathogenic for monkey kidney cultures. 
Of the 45 agents isolated from paralytic pa- 
tients, 93% were polioviruses, chiefly type 1. 
Two patients had mixed infections: echo-6 
and polio-1, and Coxsackie A9 and polio-1. 
Of the 69 enteric agents isolated from the 
nonparalytic cases, 41% were polioviruses 
(type 1, with a single exception), 23% were 
Coxsackie viruses (B2, B3, B4, A9), and 
36% were echo viruses. Of the 25 echo 
viruses, 21 belonged to echo-6 and 4 were un- 
related to any of the 14 recognized echo types. 


CHLORTETRACYCLINE INDUCED ARRHYTHMIA 


In addition, echo-6 was recovered from 3 
cases of aseptic meningitis in Rhode Island 
during the summer of 1954. Together with 
evidence being obtained in other laboratories, 
these data strongly support the view that 
echo virus type 6 is one of the etiological 
agents of the aseptic meningitis syndrome. 


1. Committee on the Echo Viruses. Science, 1955, 
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from 3 patients with aseptic meningitis and from 2 
healthy children. 
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Epinephrine-Chlortetracycline Induced Arrhythmia in the Isolated 


Rat Heart. 
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Davin A. DERANLEAU, PAuL A. HARVEY, AND FREDERICK H. MEYERS. 
(Introduced by C. H. Hine.) 


Department of Physiology, San Francisco State College and the Department of Pharmacology, 
. University of California Medical Center, San Francisco. 


The effect of antibiotics on the host has 
received considerable attention. Their pos- 
sible effect on cardiac action has been empha- 
sized. One of the authors, with another 
worker(2) found that epinephrine-chlortetra- 
cycline induced arrhythmia can be demon- 
strated in isolated frog and turtle hearts. 
This led to the experiments reported here on 
the effect of epinephrine-chlortetracycline on 
the isolated mammalian heart.* 

Methods. A white rat was killed by a blow 
at the base of the skull. The heart was ex- 
cised and the coronary arteries were perfused 
through a modified Straub cannula in the 
aorta. The heart/was allowed a 10-15 minute 
stabilization period and its contractions were 
recorded kymographically. After an addi- 
tional 10 minutes, the drug was administered 
by injection into the perfusate and in ap- 
proximately 20-25 minutes following this a 
challenge dose of epinephrine (1 yg) was 
added to the perfusate. 

The temperature for each experiment was 


kept to within + 0.5°C and ranged between 
34-37°C in different experiments. The per- 
fusate was well-oxygenated Lockes’ solution; 
a glucose concentration of 0.2% strength 
rather than the lower limit of 0.1% aided in 
reducing irritability and in stabilizing the 
heart (Fig. 1). The elapsed time per experi- 
ment averaged 1.9 hours although a normal 
record without irregularity of beat for up to 
3.4 hours was made. 

Results. An isolated rat heart treated with 
100 mcg of chlortetracycline-HClt followed 
by 1 pg of epinephrine developed both in- 
otropic and chronotropic irregularities (Fig. 
2) in which the normal beat was interrupted 
for from 5-30 minutes, usually 15-20 minutes, 
by one or more of several different kinds of 
arrhythmia as follows: 1. Cyclic variation in 
amplitude; 2. Periods of increased amplitude 
followed by 2-20 dropped beats or by con- 
tractions of smaller amplitude; 3. Series 
(2-5) of beats irregular in rate and ampli- 
tude; 4. Complete cessation of beat (Fig. 5). 


* With the aid of a grant from the San Francisco 
Heart Assn. 


t Through the courtesy of the Lederle Laboratories 
Division, American Cyanamid Co. 
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FIG. 1. Segment of normal kymographic tracing of beat of isolated rat heart 0.9 hr follow- 
ing theoretical drug addition. The entire tracing resembled this segment. 


FIG. 2. Effect of 100 ug of chlortetracycline-HCl on beat of isolated rat heart 1.3 hr follow- 
ing addition of drug. 


FIG, 3. Effect of 20 ug of tetrasodium versenate on beat of isolated rat heart 1.0 hr follow- 
ing addition of drug. 


FIG. 4. Alleviation of arrhythmia in isolated rat heart by 40 wg of Mn*+ (as MnCl, 4H,0) 
1.2 hr following addition of 100 ug of chlortetracyeline-HCl. 


FIG. 5. Cessation of beat of isolated rat heart due to 500 ug of chlortetracycline-HCl. 
(Timer markings in seconds in all tracings.) 


Twenty wg of a known chelating agent, 
tetrasodium versenate, were added to the per- 
fusate in place of chlortetracycline-HCl in 4 
experiments. Cardiac irregularities developed 
which were almost identical with irregulari- 
ties induced by chlortetracycline-HCl and 
which appeared in approximately the same 
time intervals (Fig. 3). In 3 experiments, the 
addition of 40 »g Mn+~* as manganous chlor- 
ide to the perfusate following onset of ar- 
rhythmia that had been induced by chlortetra- 
cycline alleviated the irregularities tempor- 
arily with resumption of a normal beat (Fig. 
4). 

Discussion. To account for the effect of 
chlortetracycline-HCl on the isolated frog 
heart, Yang and Harvey(5) proposed altera- 
tion of acetylcholine regulation of cardiac ac- 
tion as a possible explanation. If alteration 
of acetylcholine control resulted in accumula- 
tion of acetylcholine, the inhibitory effect of 
this mediator on heart rate would occur and 
inotropic and chronotropic irregularities 
would appear. Alteration of acetylcholine 
regulation of cardiac action might result from 
chelation of the co-factor of cardiac cholin- 
esterase by chlortetracycline. Thus, cholines- 
terase would be unable to destroy acetylchol- 
ine which would accumulate and cause cardiac 
irregularity. Weidenheimer, Reed and Up- 
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ham(4) demonstrated the ability of chlortet- 
racycline to form complexes with 11 different 
metallic ions. Mn++ was not included in 
this list. However, Albert(1) showed that 
chlortetracycline will chelate Mn++ and -Saz 
and Slie(3) found that Mn++ will reverse 


the inhibition of nitro reductase by chlortetra- 


cycline. 

Summary. The effect of chlortetracycline- 
HCl on the isolated rat heart is practically 
identical with the effect of a known chelating 
agent, tetrasodium versenate. This effect can 
be reversed temporarily by Mn++. Thus, 
chlortetracycline seems to cause irregularities 
in the isolated rat heart by chelation of the 
co-factor of cholinesterase which inactivates 
this enzyme and permits acetylcholine to ac- 
cumulate and to exert its inhibitory effect on 
the heart. The co-factor of cardiac cholines- 
terase may be Mn++, 


1. Albert, Adrien, Nature, 1953, v172, 201. 

2. Harvey, Paul A., and Yang, Wei, Science, 1953, 
v118, 752. 

3. Saz, Arthur K., and Slie, Rita B., J. Biol. Chem., 
1954, v210, 407. 

4. Weidenheimer, Joseph F., Reed, Charles G., and 
Upham, Sidney D., Chem. Abst., 1953, v47, 8325. 

5. Yang, Wei, and Harvey, Paul A., unpublished 
data. 
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Regulation of Heat Production in Cold-Adapted Rats.* (22632) 


W. H. Corte ANp L. D. Cartson. 


Department of Physiology and Biophysics, University of Washington School of Medicine, Seattle. 


Recent studies(1,2) of adaptive changes 
induced in small mammals by prolonged ex- 
posure to cold have indicated that ‘there is a 
reduction of muscular activity after adapta- 
tion. This demonstration along with the ob- 
servation ‘that heat production in the cold is 
increased(3,4) suggests that a regulatory 
mechanism not dependent on excitation of 


* This research was supported in part by U. S. Air 
Force under Contract No. AF 18(600)-1467, moni- 
tored by Alaskan Air Command, Arctic Aeromedical 
Laboratory. 


skeletal muscle is effective after adaptation. 
Such control of metabolic heat production 
was postulated by Rubner(5) to account for 
increased heat. production not accompanied 
by increased muscular activity. 

Regulation not due to muscular activity 
has been postulated to be mediated through 
release of epinephrine from adrenal medulla 
(6,7). The increase in such thermogenesis 
on cold adaptation may be due either to 
greater release of epinephrine or to greater 
sensitivity of adapted animals to the hormone. 
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To test capacity of non-shivering means of 
regulating heat production after adaptation 
to cold, the metabolic response to cold of cold- 
adapted rats whose muscular activity was 
blocked by curare, was compared to that of 
similar nonadapted rats. To evaluate the role 
of the adrenal medulla in this response a 
number of adrenodemedullated rats were sub- 
jected to similar tests. 


Methods. Male Sprague-Dawley rats were 
kept in individual metal cages, fed Purina 
ground chow, and given water without restric- 
tion. Eight rats were placed in a cold room 
at 5°C + 1° for approximately 60 days. 
Eight control animals were kept at 28°C + 
2°. The lights in the cold room were regu- 
lated to approximate the normal day-night 
conditions of the room in which the non- 
adapted animals lived. Body weights ranged 
from 170-220 g at the time the rats were 
placed in the cold and 300-400 g at the end 
of the experimental period. 


Thirty-five days after the animals had been 
placed in the cold, 4 were removed and along 
with 4 from the warm room were adreno- 
demedullated. Animals from the cold room 
were returned 8 hours after demedullation. 
Both groups were provided with 1% NaCl as 
drinking water for 10 days. At autopsy, the 
demedullated adrenals were removed and pre- 
pared for histological study. 

At the end of the exposure period the meta- 
bolic response of each animal while curarized 
was tested separately. For this, the animal 
was prepared in a test room at 30°C. With 
the animal lightly etherized and supine on a 
board, the trachea was cannulated and the 
ventilatory pump connected. A dose of 360 
pg of d-tubocurarine was then injected into 
the external jugular vein. Oxygen consump- 
tion was determined using an open circuit in 
which the expired air was passed through a 
Beckman Oxygen Analyzer and in which flow 
rate was determined by timing a sample of 
the expired air collected in a small spirometer. 
Output of the pump was regulated to main- 
tain an expired oxygen tension of 120-130 
mm Hg. Rectal, foot, and ambient air tem- 
peratures were measured with copper-con- 
stantan thermocouples recording on a Brown 
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potentiometer. Electromyograms (EMG) 
and electrocardiograms (EKG) were recorded 
from needle electrodes inserted into muscles 
of the fore- and hindlimbs. When activity 
appeared in the EMG, an additional 180 pg 
tubocurarine were injected. For initial 90 
minutes of the test (70 of which are indicated 
in Fig. 1) the room temperature was held at 
30°C. It was then lowered to 5°C over a 
period of 30 to 40 minutes, and held at 5°C 
for an additional 100 minutes or until rectal 
temperature of the animal had dropped to 
25°C. Throughout the test period, readings 
were made at 10-minute intervals. After the 
test each animal was rewarmed by radiant 
heat to its initial body temperature, and its 
oxygen consumption compared with that dur- 
ing the initial period to check the condition 
of the preparation. 

Results. All rats adapted to 5°C were able 
to increase their heat production when ex- 
posed to cold even though muscular activity 
was blocked with curare (Fig. 1). In con- 
trast, non-adapted animals were unable to in- 
crease heat production sufficiently to prevent 
a marked fall in rectal temperature. 

The increase in heat production by. the in- 
tact cold-adapted animals was sufficient to 
maintain rectal temperature at or near the 
initial level. Demedullated cold-adapted rats 
also increased their heat production but sig- 
nificantly less than that of the cold-adapted 
animals. Their rectal temperature fell. The 
response of the demedullated warm-adapted 
animals did not differ from that of the intact 
non-adapted. Histologically, the demedul- 
lated adrenals showed well-developed cortical 
tissue with the medulla replaced by scar tis- 
sue. 


When the room temperature was 30°C, foot 
temperatures of the cold-adapted animals ap- 
proximated the rectal temperatures, evidence 
of marked peripheral vasodilation. This is 
shown in Fig. 2 as a large difference between 
foot and ambient air temperatures. The foot 
temperatures of the nonadapted animals ap- 
proximated ambient air temperature, evidence 
of peripheral vasoconstriction. As the room 
cooled, the temperature gradient from foot to 
air increased transiently, owing to different 
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FIG. 1. Metabolic response of curarized rats to lowered ambient temperature. Mean oxygen 
consumption and rectal temperature of each group along with ambient temperature is plotted 
on ordinate; minutes before and after cooling on abscissa. Stand. dey. are indicated by vertical 


lines. 
BIG. 2; 


Vasomotor responses of curarized rats to lowered ambient temperature. Tempera- 


ture gradient between the feet of preparations and ambient temperature is plotted on ordinate; 


minutes before and after cooling on abscissa. 


cooling rate of air and tissue and to delay in 
the onset of vasoconstriction. After cooling 
was completed, all animals showed marked 
vasoconstriction. 

Discussion. The response observed indi- 
cates that the capacity of the non-shivering 
control of heat production is greater after 
adaptation to cold. This increase supports 


the suggestion(8) that this regulation of body 
heat is increased with adaptation to cold. 
Such a mechanism of augmenting metabolic 
heat production would have a sparing action 
on muscular activity and therefore would. ac- 
count for the reduction in the integrated elec- 
trical activity of skeletal muscle of rats(1,2) 
or the change in the electromyographic pat- 
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terns of rabbits(9) after adaptation to cold. 
It would also account for the quieter and 
more comfortable appearance of adapted ani- 
mals in the cold(3) and for the ability of the 
adapted animals to maintain the high level of 
heat production enabling them to survive se- 
vere cold stress(10,11,12). The response of 
the cold-adapted adrenodemedullated rats in- 
dicates that the non-shivering regulation in 
the cold-adapted rat is mediated only in part 
by release of epinephrine from the adrenal 
medulla. If the balance of the response is 
produced by epinephrine then it must be due 
to epinephrine released by extra-adrenal 
medullary tissue or sympathetic endings for 
there was no evidence of regeneration of 
adrenal medullary tissue.t+ In adrenodemed- 
ullated rats kept at room temperatures Vogt 
(13) and Bloom and Russel(14) found little 
or no increase in circulating epinephrine from 
conditions which caused its release in normal 
animals. The response of the cold-adapted 
demedullated rats to cold suggests that fol- 
lowing adaptation more extra-adrenal epine- 
phrine is produced either as a result of an in- 
crease in the amount secreted or a change in 
the ratio of norepinephrine to epinephrine pro- 
duced. The response also may be to some 
extent a product of the increased sensitivity 
of cold-adapted rats to epinephrine. One 
plausible explanation of our results is sug- 
gested by the work of Ring(15) and of Swan- 
son(16). The greater effectiveness of the 
non-shivering regulation after adaptation to 
cold could result from an increased sensitivity 
to the endogenous epinephrine which has been 
shown(6,7,17) to be released by animals on 
exposure to cold. The potentiation of the 
epinephrine response may be related to the 
increased thyroxine requirement of cold- 
adapted animals(18,19). The increase may 
be analogous to that seen in animals made hy- 


+ Two acute spinal (C3) animals, 1 adapted and 
1 nonadapted, cooled immediately when room tem- 
perature was lowered. Although the muscle in the 
heads of these animals showed shivering responses, 
oxygen consumption did not increase. 

+ Two acutely adrenalectomized cold-adapted rats 
also showed a marked response, suggesting that re- 
sponse of the demedullated animals did not result 
from compensatory changes. 
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perthyroid by administration of thyroxine 
(16,17). 


Summary. (1). The capacity of cold- 
adapted and non-adapted rats to increase heat 
production by non-shivering regulatory means 
was tested. In both groups, muscular activity— 
was blocked by curare. Only cold-adapted 
animals could increase heat production suf- 
ficiently to maintain body temperature as the 
test room was cooled. Adrenodemedullation 
reduced somewhat the ability of the cold- 
adapted rats to increase heat production, but ~ 
made little change in the response of non- 
adapted animals. It is suggested that this 
regulation results from the release of adrenal 
and extra-adrenal epinephrine and that the 
increased heat production by cold-adapted 
animals results from an increased epinephrine 
sensitivity. (2). To our knowledge this is 
the first demonstration of non-shivering heat 
regulation of. this magnitude. The response 
is augmented by adaptation to cold. 
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Effect of Fluorides and Other Solutions on Solubility of Powdered Enamel 


in Acid. 


(22633) 


JosEepH C. MUHLER. 


Indiana University, Department of Chemistry, Bloomington. 


Considerable interest has been shown re- 
cently in the sarcosinates and in dehydroace- 
tate as possible inhibitory agents of human 
dental caries. It has been suggested that 
mechanism of action in this regard is the in- 
hibition of acid formation in the mouth 
through interference with enzyme activity(1). 
However, a recent publication(2) suggests 


_ that the sarcosinates are as effective as fluor- 


ides in decreasing the solubility of powdered 
enamel in acid and, thus, may be of impor- 
tance in prevention of dental caries by this 
mechanism also. Since stannous fluoride 
has been shown to be considerably more ef- 
fective than sodium fluoride in reducing 
enamel solubility(3), experimental dental 
caries in rats(4) and hamsters(5), and hu- 
man dental caries when applied topically (6) 
or in a dentifrice(7), it was of interest to com- 
pare sodium N-palmitoyl sarcosinate with 
stannous fluoride. Similarly, sodium oxa- 
late(8) has been suggested as possessing 
“fluoride-like” protection action on enamel, 
and it was of interest to compare this com- 
pound with stannous fluoride and sodium N- 
palmitoyl sarcosinate. 

Methods. The procedure used for meas- 
uring the effectiveness of the 5 compounds 
has been described(3,9). In this study, a 
5.0-ml portion of an aqueous solution of the 
compound to be studied was added to a 100- 
mg portion of powdered enamel. In all in- 
stances the solutions were used as prepared 
without adjustment of the pH. After the mix- 
ture was shaken for 20 minutes at 25°C it 
was promptly centrifuged. The clear super- 
natant was decanted and 1.0 ml of redistilled 
fluoride-free water. was used to wash the 


enamel. The supernatant and the wash solu- 
tion were combined and suitable aliquots were 
analyzed for phosphorus(10). This served 
as a measure of the amount of decalcification 
occurring during the treatment period with 
any of the proposed protecting solutions. Fol- 
lowing this, 10.0 ml of 0.2 N acetic acid (pH 
4.0) was added to the powdered enamel, and 
the mixture was shaken for 20 minutes as be- 
fore. Following prompt centrifugation the 
supernatant solution was decanted, the enamel 
was washed, and the combined solutions were 
analyzed for phosphorus. Controls were run 
in the same manner except that distilled water 
was used in place of the treatment solutions. 

The amounts of phosphate dissolved by the 
treatment solution (fluoride, sarcosinate, de- 
hydroacetate, or oxalate) and by the decalci- 
fication solution (acetic acid) were combined 
to give a figure representing the total amount 
of tooth substance lost. The effectiveness of 
each treatment solution was then calculated 
by comparing this value with the correspond- 
ing control value (for untreated enamel), and 
expressing the result as percentage reduction 
in solubility. 

Results. The data obtained are presented 
in Table I. The stannous fluoride was by 
far the most effective compound tested; a 1% 
solution reduced enamel solubility by 86%, 
and a 0.1% solution was 85% effective. Un- 
der similar conditions, sodium fluoride re- 
duced enamel solubility by 44 and 36%, re- 
spectively. The sodium N-palmitoyl sarcos- 
inate was only moderately active, a 1.0% 
solution reducing the solubility of the pow- 
dered enamel by only 20% and a 0.1% solu- 
tion by only 4%. Volker e¢ a/.(2) also evalu- 
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TABLE I. Effects of Stannous Fluoride, Sodium Fluoride, Sodium N-Palmitoyl Sarcosinate, 
Sodium Dehydroacetate, and Sodium Oxalate on Solubility of Powdered Tooth Enamel in Acid. 


No. of Plost  P lost dur- Reduction in 
Concentra- samples during ing acid enamel sol- 
Compound tion (%) pH used protection treatment ubility (%) 
(mg P/100 mg enamel) 
Stannous fluoride 1.0 3.5 10 09 38 86.6 1.9* 
Al 3.7 12 OL 50 85.4 + 1.6 
Sodium a 1.0 7.2 10 14 1.80 44.3 + 4.1 
1 6.7 14 40 1,84 36.5 + 4.0 
= N-palmitoyl 1.0 8.5 12 50 2.25 20.0 + 3.5 
sarcosinatet 1 8.2 14 16 3.20 40+ 9 
4 dehydroacetate 1.0 3.8 8 36 2.96 0.0 ea 
1 4.1 8 30 3.13 2.0 +. .2 
id oxalate 1.0 6.3 10 10 3.36 1.0+ .02 
1 6.9 10 oT 3.20 — 
Control (distilled water) 5.5 24 .40 3.10 — 


* Stand. dev. 


ated a 0.01% solution, but, since a 0.1% 
solution was so ineffective in these studies, 
the lower concentration was not investigated. 
Sodium dehydroacetate and sodium oxalate 
were not effective to any appreciable degree 
in reducing the solubility of powdered dental 
enamel. 

Discussion. These data demonstrate that, 
under the conditions of this study, the 2 
fluoride salts are markedly superior to sodium 
N-palmitoyl sarcosinate and dehydroacetate 
in their ability to decrease the solubility of 
powdered enamel, and that stannous fluoride 
is considerably more effective than sodium 
fluoride. Sodium oxalate is without effect. 
The results with the sarcosinate are in con- 
trast to those of Volker et al.(2), who found 
the effect of this compound to be equal to 
that of sodium fluoride. In the present study, 
the sarcosinate was essentially ineffective even 
at 10 times the concentration tested by Volker 
et al. This discrepancy is particularly difficult 
to understand since results obtained for so- 
dium fluoride were quite similar in the two 
investigations. Since most studies of this na- 
ture serve only to screen potential anticario- 
genic substances, one should accept all such 
results as presenting only suggestive evidence 
as to how they might act in reducing human 
dental caries. The final criterion for such an 
evaluation must be the demonstration of ef- 
fectiveness by dental caries studies. However, 
laboratory studies are of considerable value in 


+ The purity of this compound was 95.3%. 


predicting potentially useful compounds. It 
is interesting, however, to note that studies 
have already indicated the superiority of 
stannous fluoride over sodium fluoride when 
applied topically(6) or when incorporated in 
a dentifrice(7). The suggestion of usefulness 
for the sarcosinate on the basis of enamel 
solubility reduction is not in keeping with 
the proposed mechanism for reduction of 
caries by an antienzyme action. Indeed, the 
present data cannot be interpreted as sug- 
gesting a fluoride-like action for the sarcos- 
inate, dehydroacetate, or sodium oxalate. 

Summary. The solubility of powdered hu- 
man tooth enamel was measured after treat- 
ment with stannous fluoride, sodium fluoride, 
sodium N-palmitoyl sarcosinate, sodium de- 
hydroacetate, or sodium oxalate by a method 
which measures the amount of phosphorus 
dissolved from the treated enamel by acetic 
acid. The data indicate that stannous fluor- 
ide is markedly superior to sodium fluoride 
and that the sarcosinate is of only question- 
able value in its ability to reduce powdered 
enamel solubility. Sodium dehydroacetate 
and sodium oxalate were without effect in de- 
creasing the solubility of powdered enamel. 

The author wishes to acknowledge the technical 
assistance of Mrs. Dorothy McKinney throughout 
this study. 


1, Fosdick, L. §, Calandra, J. C., Blackwell, R. Q, 
and Burrill, J. H., J. Dent. Res., 1953, v32, 486. 
2. Volker, J. F., Fosdick, L. S., Manahan, R. D., 


CHLORPROMAZINE COUNTERACTION OF TRAUMA DEATH 


and Manly, R. S., Proc. Soc. Exp. Brot. AND Mep., 
1955, v87, 332. 

3. Muhler, J. C., Day, H. G., and Nebergall, W. H., 
J. Dent. Res., 1952,:v31, 756. 

4. Muhler, J. C., Nebergall, W. H., and Day, H. G., 
J.A.D.A., 1953, v46, 290. 

5. Radike, A. W., and Muhler, J. C., J. Dent. Res., 
1953, v32, 807. 

6. Howell, C. L., Gish, C. W., Smiley, R. D., and 
Muhler, J. C., J.A.D.A., 1955, v50, 14. 


Chlorpromazine Counteraction of Trauma Induced Death.* 


851 


7. Muhler, J. C., Radike, A. W., Nebergall, W. H., 
and Day, H. G., ibid., 1955, v51, 556. 
8. Cleland, M. R., and Sanders, R. G., ibid., 1955, 


‘v50, 422. 


9. Muhler, J. C., Boyd, T. M., and Van Huysen, 
G., J. Dent. Res., 1950, v29, 182. 

10. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 
1925, v66, 375. 


P.S.E.B.M., 1956, v92. 


Received June 11, 1956. 


(22634) 


Lyte V. Beck AND Tuomas F. Renpicx.t 


Department of Physiology and Pharmacology, School of Medicine, University of Pittsburgh. 


Chlorpromazine(1) has been reported to 
have a pronounced protective action against 
death induced in dogs by severe hemorrhage 
(2,3) and in rats by tumbling trauma(3). 
This paper deals with the counteraction by 
chlorpromazine of hemoconcentration and 
death induced in mice by tourniquet trauma, 
and by heat trauma. An abstract of part of 
this work has already appeared(4). Findings 
similar to certain of those reported here have 
been published recently by Millican and 
Stohlman(5). 

Methods. Mice used were Carworth Farms 
males, 2-5 months of age and 20-30 g weight. 
In any one experiment mice were sorted into 
such groups that the average body weights for 
all the groups were nearly the same. Trau- 
matization procedures were those of Rosen- 
thal(6,7). In the tourniquet trauma experi- 
ments the hind leg tourniquets were left in 
place 2 or 3 hours; in the heat trauma experi- 
ments etherized mice were submerged to the 
neck in water at 60°C for 12 seconds. All in- 
jections were made intrapcritoneally. Chlor- 
promazine was dissolved in distilled water at 
such a concentration that the desired dose was 
secured by injection of .01 ml per g, or in 


* This research was supported in part by USAF 
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9% NaCl at such a concentration that the 
desired dose was secured by injection of .05 
ml per g. Since initiation of shock presum- 
ably begins at the time of removal of hind 
leg tourniquets, or at the time of immersion 
in very hot water, this time has been desig- 
nated zero hour (Tables). Prior times have 
been assigned minus (—) values, later times 
plus (++) values. For the present purposes 
shock in mice is defined as the condition after 
severe traumatization wherein mice are pros- 
trated, relatively indifferent ‘to stimuli, cold 
to the touch, and likely to die within 48 hours 
after traumatization if untreated. Hema- 
tocrit studies: Hematocrit values were ob- 
tained using heparinized fine capillary tubes 
and an International ‘“Hemacrit” centrifuge. 
A control tail blood sample was secured for 
each mouse. In all except the earliest experi- 
ments those mice exhibiting tail blood hema- 
tocrit values below 40 were replaced. The 
second (test) blood sample was taken from 
the heart, since insufficient blood could be ob- 
tained from the tail after traumatization. 
Hemodilution was indicated by a heart blood 
hematocrit value appreciably smaller than the 
previously obtained tail blood hematocrit 
value, hemoconcentration by the reverse. For 
any one group, the standard error of the aver- 
age difference between tail and heart blood 
hematocrit values was calculated using this 
difference for each mouse as the unit. The 
probability value, p, was secured from a (t, 
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TABLE I. Counteraction by Chlorpromazine of Tourniquet Trauma Induced Hemoconcentra- 
tion. 


Procedure timing, in hr, before (—) 
or after (+) removal of hind leg 


Avg differences between tail and heart blood 


hematocrit values (DHV’s) * 


tourniquets Dist. water inj. Drug inj. (8 ug/g) 
Ligatures Drugor Mouse sac- No. of No. of 
on DW inj. rificed micet DHV’s* micet DHV’s* 
2 2.5 rey CV oan tire 4/4 175 
+ 6 3/ 4 + 5.5 4/4 — 4.5 
+10 4/ 4 + 3.3 4/4 + 4.8 
-2 -1 + 2 8/ 9 + 9.8 6/6 + 2.3 
eee Ue) +13.9 7/8 + 3:0 
+ 6 10/12 +16.9 + 8/8 + 4.8 
S.E. 1.87} S.E. 1.56} 
+10 3/ 4 +15.2 3/4 ENT 
=3 Salt + 2 4/ 4 +20.0 4/4 + 5.1 
+ 4 3/ 4 +21.8 4/4 =+ 6.9 
+ 6 3/ 4 +15.0 4/4 + 74 
+10 6/ 9 +14.7 6/9 +1214 


*DHV marked plus | (4) if heart blood hematocrit exceeded tail blood hematoerit, and 


minus (—) if vice versa. 


+ Numerator, No. of mice surviving to time of sacrifice; denominator, No. of mice alive at 


‘beginning of experiment. 


t For mice of this experiment, sacrificed 6 hr after removal of hind leg tourniquets, the 
probability that chlorpromazine, administered as indicated, did not counteract tourniquet 
trauma induced hemoconcentration is estimated as less than .001. 


n) table(8), t being calculated in the usual 
manner. Survival studies: Each experiment 
was set up to permit calculation of Chi 
Square. The value p was then secured from a 
one degree of freedom. Chi Square table(8). 

Results. 1. Hematocrit studies: For 25 
control mice an average tail blood hematocrit 
value of 46.22 + S.E. 0.81% and an average 
heart blood hematocrit value of 44.12 + S.E. 
0.91% was obtained, p value for difference 
over .05. No effect of varying time between 
tail and heart blood samples, from 0 to 48 
hours, was noted. Chlorpromazine on hema- 
tocrit values of normal (non-traumatized) 
mice: Mice were sacrificed at intervals rang- 
ing from 3 to 11 (usually 6) hours after ad- 
ministration of water or drug. No differen- 
tial effect of time was noted. Average hema- 
tocrit values obtained for 35 mice injected 
with water were: (a) tail blood, 45.9; (b) 
heart blood minus tail blood, —3.86 + S.E. 
44. Average hematocrit values obtained for 
34 mice injected with chlorpromazine, 8 pg 
per g, were: (a) tail blood, 46.4; heart blood 
minus tail blood, —8.16 + S.E. .62. The 
probability that the moderate hemodilution 
associated with the use of the drug was due to 


chance is estimated to be less than .001. 
Chlorpromazine on tourniquet trauma in- 
duced hemoconcentration: When adminis- 
tered either prior to application of hind leg 
tourniquets or after their application but 
prior to their removal, chlorpromazine at a 
dose level of 8 wg per g was effective in some 
degree in counteracting tourniquet trauma 
induced hemoconcentration (Table 1). Dur- 
ing these experiments a few limp mice were 
encountered which failed to show a beating 
heart when the chest was opened. Data ob- 
tained for these moribund mice were not used 
in connection with Table I. However, it is 
interesting to note that appreciable hemocon- 
centration was encountered only for heart 
blood samples of those moribund mice which 
had been injected with water rather than the 
drug, prior to removal of the hind leg tourni- 
quets. Drug counteraction of trauma induced 
hemoconcentration was not entirely equiva- 
lent to prevention of trauma induced death. 
In still other experiments it was found that 
if the drug was administered after removal of 
the hind leg tourniquets, no appreciable coun- 
teraction of the trauma induced hemoconcen- 
tration occurred. Chlorpromazine on heat 


\ 


-duced hemoconcentration. 
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TABLE II. Effect of Chlorpromazine Alone on Survival of Mice Subjected to Tourniquet 
Trauma. 


Timing of procedures, in 


Survivals after removal of hind leg 


hr, before (—) removal of ligatures 
DOReOk hind leg ligatures Up to 24 hr Up to 48 hr p from 
drug Ligatures Drug or No. of No. of chi square 
Exp. (ug/g) on DW inj. micet % of mice micet %ofmice (48 hr)* 
A None —2 —2% 14/41 34 13/41 32 
8 —2 —21% 44/52 85 43/52 83 <.001 
B None Spin =2ibt 22/43 51 18/43 42 
8 —2% —2%t 34/44 Ci, 34/44 77 <.001 
Cc None —2 2 ¢t 4/13 31 3/13 23 
2 -1% 1/12 8 1/12 8 
ial —l 5/12 42 4/12 33 
Totals for controls: 10/37 27 8/37 22 
8 —2 —2 ¢ 23/25 92 23/25 92 <.001* 
7 —1% 19/25 76 19/25 76 <00E* 
p ab 17/25 68 16/25 64 .001* 
D None -—2 —1 5/15 3 2/15 13 
8 —2 -1 10/25 40 2/25 8 58 


Not significant 


* In Exp. C, each treated group was compared with the entire control group. 
+ Numerator, No. of survivors; denominator, No. of mice alive at start of experiment. 
t Injections made immediately after application of hind leg ligatures. 


trauma induced hemoconcentration: Two ex- 
periments were performed in which mice were 
injected with water or drug, 8 »g per g, 1 hour 
before, and heart blood samples secured 2 
hours after heat traumatization. Values for 
the factor “increase in hematocrit occurring 
in water injected mice, minus increase in 
hematocrit occurring in drug injected mice” 
were as follows: Exp. 1, + 8.7 + S.E. 
Dr iA- = Ep lO) te SE. 1.62. In 
both experiments, t (factor/S.E. of fac- 
tor) was 3.2 and the corresponding p less 
than .02. It is concluded that pre-adminis- 
tration of chlorpromazine resulted in sig- 
nificant counteraction of heat trauma in- 
However, signifi- 
cant counteraction of heat trauma induced 
hemoconcentration was not secured in two 
experiments in which the drug was adminis- 
tered at a dose level of 8 ng per g immediately 
after heat traumatization. 

Survival studies: A. Chlorpromazine alone 
on tourniquet trauma induced mortality: The 
data of Table II indicate that maximum pro- 
tection was secured by administering the drug 
before application of hind leg ligatures, as in 
in Exp. A, or immediately thereafter, as in 


Exp. B and C, and that protection became 


progressively weaker as the time of drug ad- 
ministration was moved away from time of 
application of hind leg ligatures toward the 
time of their removal. 

B. Chlorpromazine supplemented with iso- 
tonic saline on tourniquet trauma induced 
mortality: The lessening of tourniquet 
trauma induced hemoconcentration which was 
secured by use of chlorpromazine adminis- 
tered some time after placement of hind leg 
tourniquets, but before their removal (Table 
1) suggested that the drug may delay onset of 
irreversible shock, even when administered 
such a short time before removal of hind leg 
tourniquets that it might be ineffective, by it- 
self, in promoting indefinite survival. If so, 
administration of large volumes of isotonic 
saline some time after shock had been pre- 
cipitated by removal of the hind leg tourni- 
quets should result in a survival difference be- 
tween control and chlorpromazine injected 
mice in favor of the latter, even when the drug 
alone was ineffective in promoting survival. A 
number of experiments were performed in 
which each mouse was injected with either 
water or the drug, 8 wg per g either 15 or 60 
minutes before removal of the hind leg tourni- 
quets, and with .9% NaCl, in the amount of 
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5% of the body weight, 2 hours after removal 
of the tourniquets. Of 69 mice injected first 
with water and later with saline, 22 survived 
to 24 hours, and 13 to 48 hours after removal 
of tourniquets. Of 68 mice injected first with 
the drug and later with saline, 42 survived to 
24 hours and 32 to 48 hours after removal of 
tourniquets. The probability, p, that in these 
experiments the drug plus saline did not en- 
hance likelihood of survival to 48 hours over 
that obtainable with saline alone is estimated 
to be less than .001. 


Chlorpromazine plus saline failed to en- 
hance survival over that obtainable with sa- 
line alone, when both drug and saline were 
administered after removal of hind leg tourni- 
quets. For example, in an experiment in 
which injections were made 2 hours after re- 
moval of tourniquets, survivals to 48 hours 
were as follows: 16 of 30 mice injected with 
saline only, 5% of body weight; but only 4 
of 30 mice injected with saline plus chlorpro- 
mazine, 8 pg per g. 


C. Chlorpromazine on heat trauma induced 


mortality. Of 50 mice injected with water 
one hour before traumatization, 21 survived 
to 24 hours, and 18 to 48 hours after trauma- 
tization. Of 40 mice injected with the drug, 
8 wg per g, one hour before traumatization, 40 
survived to 24 hours and 35 to 48 hours. The 
probability that the drug, administered one 
hour before traumatization, did not increase 
likelihood of survival to 48 hours is estimated 
to be less than .001. 


Of 75 mice injected with distilled water or 
isotonic saline immediately after heat trau- 
matization, 29 survived to 24 hours and 27 
to 48 hours after traumatization. Of 100 mice 
injected with the drug at a dose level of 4, 8, 
or 16 wg per g, in distilled water or isotonic 
saline, immediately after traumatization, 15 
survived to 24 and also to 48 hours. _No mat- 
ter what procedure was tested, the drug was 
completely ineffective in promoting survival 
when administered immediately after heat 
traumatization. 

Discussion. In the present experiments, 
variation in type of trauma used and time of 
administration of chlorpromazine in relation 
to induction of trauma resulted in consider- 
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able variation in the activity of this drug in 
counteracting: (a) trauma induced hemocon- 
centration, and (b) trauma induced death. 
However, (a) and (b) activities of chlorpro- 
mazine ran roughly parallel. Since hemocon- 
tration associated with shock is indicative of 
decreased circulating blood volume, chlorpro- - 
mazine probably protects mice against trau- 
ma induced death, in part at least, by mini- 
mizing a trauma induced decrease in circulat- 
ing blood volume. Chlorpromazine is effec- 
tive in increasing the likelihood of survival of 
rats after tumbling trauma(3) or of mice 
after heat trauma (this paper) only if admin- 
istered prior to traumatization. On the other 
hand, the drug increased likelihood of sur- 
vival whether administered before or some 
time after severe hemorrhage in the dog(2, 
3), or before or shortly after application of 
hind leg ligatures in tourniquet traumatization 
of the mouse (this paper). The above rela- 
tions are considered important in relation to 
possible clinical use of this or related drugs in 
traumatic or hemorrhagic shock. Wiggers(9) 
has reviewed the considerable body of evi- 
dence that toxic substances are formed in tis- 
sue areas subjected to severe trauma and/or 
anoxia associated with hemorrhage or ‘circula- 
tory occlusion, and that these toxic substances 
play an important role in the development of 
irreversibility of the shock syndrome. It is 
likely that such substances are formed rap- 
idly in association with tumbling or heat 
trauma, more slowly in association with se- 
vere hemorrhage. Toxic substances formed 
in tissue areas deprived of circulation by use 
of tourniquets could not reach the general 
body circulation until after removal of the 
tourniquets. It is therefore postulated here 
as a working hypothesis that chlorpromazine, 
when administered a sufficient period of time 
before removal of hind leg tourniquets, de- 
creases the reactivity of the cardiovascular 
system of the mouse to toxic substances 
formed in the hind legs during occlusion of 
circulation to such a degree as to prevent de- 
velopment of irreversibility of the tourniquet 
trauma shock syndrome in some mice. 


Summary. 
counteracted 


Chlorpromazine 
tourniquet 


appreciably 
trauma induced 
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hemoconcentration and death when adminis- 
tered either before or after placement of hind 
leg ligatures, but not after removal of these 
ligatures. Maximal counteraction was secured 
by administering the drug before or immedi- 
ately after placement of the ligatures. Chlor- 
promazine was effective in appreciably coun- 
teracting heat trauma induced hemoconcen- 
tration and death only if administered prior 
to traumatization. 
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Rat adrenal glands have been shown to 
produce corticosteroids im vitro(1,2,3) and a 
stimulation of this production by the addition 
of ACTH to the incubation medium had been 
demonstrated(1). Small amounts of aldos- 
terone were found by Wettstein and Anner(4) 
in the incubation medium of beef and hog 
adrenals, and by Rosenfeld(5) and associates 
in the perfusion medium of beef adrenals. 
The present work shows that the incubation 
medium from rat adrenals contains a sodium- 
retaining substance with the properties of 
aldosterone. and describes the results of ex- 
periments performed to investigate some of 
the factors which may affect its secretion. 

Methods. In each experiment adrenal 
glands were obtained from 40 to 90 male rats 
weighing between 170 to 180 g. These ani- 
mals were subsequently used for bioassay pur- 
poses. The glands were freed of fat and 
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quartered. One quarter of each adrenal was 
placed in each of 4 flasks containing 1.5 ml 
per 25 mg of fresh tissue of Krebs-Ringer-bi- 
carbonate solution with added glucose (200 
mg%)(6). Thus the 4 flasks contained an 
equal amount of tissue from each rat in the 
group. The incubation of the tissue was car- 
ried out in a water bath at 38°C. After the 
first hour the medium was poured off and 
replaced by an equal quantity of the same so- 
lution. The incubation was allowed to con- 
tinue for an additional 2 hours. A gentle 
stream of 95% Oz - 5% COs was passed 
through the medium continuously. At the 
end of this period the medium was decanted. 
A 0.5 ml aliquot was extracted with methy]l- 
ene chloride for determination of the total 
A* 3-ketosteroid content, according to the 
method of Saffran and Schally(6). The rest 
of the medium was extracted with 3.5 times 
its volume of redistilled chloroform in glass 
stoppered cylinders. The two phases were 
separated by centrifugation and the chloro- 
form layer was carefully transferred with a 
syringe and a long needle into a round bot- 
tomed flask and evaporated to dryness in 
vacuo at a water bath temperature of 50°C. 
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In earlier experiments this crude extract was 
assayed directly for sodium-retaining activity. 
In later studies it was subjected to paper par- 
tition chromatography in the benzene-aqueous 
methanol system of Bush(7), run at room 
temperature for 414 hours. The aldosterone 
band was subsequently bioassayed. Detec- 
tion and partial characterization of the ma- 
terial after chromatography was done by di- 
rect visualization and/or contact photography 
under ultra violet light; by scanning of the 
paper strip in a Beckman DU spectropho- 
tometer at 2400 A; by soda fluorescence, blue 
tetrazolium and triphenyltetrazolium reac- 
tions on the chromatogram; by mixed chro- 
matogram with crystalline compounds and ab- 
sorption spectrum in sulfuric acid solution. 
In certain experiments, paper chromatogra- 
phic separation of aldosterone was followed 
by spectrophotometric determination of the 
eluate at 2400 A. This procedure was made 
possible without further paper chromatogra- 
phic purification of aldosterone, since corti- 
sone, which in the benzene aqueous methanol 
system has a mobility closely related to al- 
dosterone, was not found in the incubation 
media of rat adrenals. Furthermore after 
such a chromatographic separation, in 14 
experiments with and without ACTH the 
amounts of aldosterone, as determined both 
by bioassay and by spectrophotometry, were 
highly significantly correlated. Sodium-re- 
taining activity was assayed on adrenalecto- 
mized rats according to a modification of the 
method of Singer and Venning(8). 


Results. The Na retaining activity of the 
crude chloroform extracts of rat adrenal in- 
cubates varies from 0.27 to 0.73 wg equivalent 
of aldosterone per 100 mg of tissue per hour 
of incubation (Mean of 6 experiments, 0.46 
+ 0.09). 

Paper partition chromatography of these 
extracts revealed the presence of several ul- 
traviolet-absorbing compounds. Of these, one 
was tentatively identified as corticosterone by 
mixed chromatogram, sulfuric acid chromo- 
gen, maximum ultraviolet absorption at 2400 
A in methanol and reduction of the tetra- 
zolium reagents. Corticosterone represents 
about 45 to 50% of the A* 3-ketonic com- 
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pounds produced in vitro by rat adrenals. 

A strong sodium-retaining activity was 
found by biological assay of an ultraviolet 
absorbing a-ketolic material recovered from 
the area between the bottom of cortisol and 
the top of cortisone as defined by a reference 
strip. This material yielded 0.31 to 0.64 pg 
equivalent of aldosterone per 100 mg of tis- 
sue per hour of incubation (mean of 12 ex- 
periments, 0.47 + 0.03). The sodium-re- 
taining activity separated both from cortisol 
and cortisone on mixed chromatography and 
on bioassay showed a dose-response relation- 
ship with a slope identical with that of aldos- 
terone. That the sodium-retaining activity 
was limited to the chromatographic area as 
defined above, was demonstrated by the fact 
that eluates of immediately adjacent areas 
showed no activity on bioassay at level up to 
4 times the equivalent dosage. From these 
findings, it may be concluded with a fair de- 
gree of certainty that the ultraviolet-absorb- 
ing a-ketolic material under study is aldos- 
terone. 

The other compounds present on the chro- 
matograms did not show noticeable sodium- 
retaining potency in the assay. However, the 
presence of traces of desoxycorticosterone 
which, in the chromatographic system used 
would run close to the solvent front, has not 
been eliminated. 


Action of ACTH. In 4 out of 5 studies 
the addition of ACTH, 1 to 100 milli-units/ 
100 mg of tissue, significantly increased the 
TABLE IA. Sodium Retaining Activity of Incu- 


bation Media of Rat Adrenal Glands after Addi- 
tion of ACTH. (Crude fraction-biological assay.) 


Na retaining activity 


ACTH, A‘-3-keto- 
milliunits Aldosterone eqv., ng/100 steroids, 
per 100 mg mg tissue/hr pg/100 mg 
tissue Assay 1 Assay 2 tissue/hr 

Control 30 50 10.3 
1 125:(<.02) * 1.10(< 00) 10.8 
10 1.09 (<.02) 1.00 (=~.02 ) 14.8 
100 D2 <a.01) 125 0K(==2001) 28.2 
Control 14 21 
100 "OL C<.02) 40 See 9 


Sodium-retaining activity of each medium with 
added ACTH was compared to that of control 
medium without ACTH and its degree of signifi- 
cance was calculated by Student’s t test. Value of 
P is shown in parentheses. 
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TABLE IB. Action of ACTH on Production of Aldosterone by Rat Adrenal Glands Incubated 


In Vitro.* 
ACTH, milli- Aldosterone, ng/100 mg of Corticosterone, ng/100 mg of 
units/100 mg tissue/hr tissue/hr 

of tissue Control ACTH added Control ACTH added 

1004 63 79 — 5.00 

me .o0 63 2.42 4.60 

1006 4 71 28 he 

es 2 59 1.74 5.19 

- .62 .76 2.23 3.55 

200¢ .o2 roll 2.56 6.94 

Mean .52 + .05t .67 + .04 2.24 — .18t 5.07 = .55 


Mean diff. — 14 + .02 


Significant at P <.001 


Mean diff. = 2.83 + .46 
Significant at P <.01 


* Quantitative determination of aldosterone in Beckman spectrophotometer at 240 mu. 


+ Stand. error of mean. 


t Acton X Nordie Biochemical Labs. Lot 54009. 


§ ACTH Connaught Lot 8-3. 


sodium-retaining activity of the crude chloro- 
form extract of the incubation media. How- 
ever, a dose-response relationship was not es- 
tablished between the amount of ACTH and 
that of the sodium-retaining material (Table 
1A). Comparing the action of ACTH on pro- 
duction of the sodium-retaining material and 
on that of the total A* 3-ketosteroids, it was 
observed that production of the former was 
enhanced by a dose of 1 milliunit whereas 
that of the corticoids increased only at a dose 
level of 10 and 100 milliunits. Further ex- 
periments are needed to establish reproduci- 
bility of the response of the sodium-retaining 
substance to the dose of 1 milliunit of ACTH. 
To exclude the stimulatory effect of ACTH 
on other possible Na-retaining substances 
similar studies were performed with paper 
chromatographic separation of aldosterone 
and its quantitative measurement by spectro- 
photometry (Table IB). They showed that 
at the dose level of 100 to 200 milliunits/100 
mg of tissue, ACTH has a small but consis- 
tent effect on the production of aldosterone 
in vitro (mean difference of 6 studies, 0.14 + 
0.02 wg of aldosterone/100 mg of tissue/hr 
of incubation. Significant at P<.001). The 
relatively greater increase in sodium-retaining 
activity of the crude chloroform extracts after 
ACTH stimulation of the glands is probably 
due to a sodium-retaining substance or sub- 
stances other than aldosterone. 

Action of growth hormone. Two prepara- 
tions of growth hormone were tested for their 


ability to affect the sodium-retaining material 
released by rat adrenals in vitro. The most 
purified preparation (C. H. Li’s Growth Hor- 
mone) was without detectable effect at the 
dose level of 10 and 100 pg/mg of tissue. At 
the 250 wg dose level, the other preparation 
(Horner) sensibly increased both the A* 3- 
ketosteroid content and the biological sodium- 
retaining potency of the incubation medium, 


indicating that it was probably contaminated 


with ACTH (Table IT). 

Effect of altering Na/K ratio of the incu- 
bation medium. Two series of incubations 
were carried out after alteration of the Krebs- 


TABLE II. Sodium Retaining Activity of Ineuba- 

tion Media of Rat Adrenal Glands after Addition 

of Growth Hormone. (Crude fraction-biological 
assay.) 


Na retaining 


Growth activity : 
hormone, Aldosterone eqv., /\*-3-ketosteroids, 
ug/100 mg ug/100 mg of ug/100 mg of 
tissue tissue/hr tissue/hr 
Control Al 10.8 
Loe 50 11.3 
100* 45 12.3 
Control OT 
10* 31 
100* 28 
Control 28 10.1 
250t 44h 18.1 


* Growth hormone prepared by Dr. C. H. Li and 
kindly given to us by Dr. H. Selye. 

+ Somatrofin, Horner Laboratories, 
P.R. 3. 

¢ Sodium retention compared to the control is 
significant at P <.01. 


Lot No. 


® 
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TABLEIII A. Effeet of Variation of Na/K Ratio 
of Incubation Media on Production of Sodium Re- 
taining Material and Aldosterone by Rat Adrenal 
Glands. 
A: Crude fraction biological assay 


Na retaining activity: 


Aldosterone eqy., /\*-3-ketosteroids, 


ug/100 mg of ug/100 mg of 
Na/K* tissue/hr tissue/hr 
24.3 24 118 
16.3 14 14.0 
4.0 32 13.3 
17.9 65 (<.1) 14.5 
24.3 lal 9.3 
16.3 46 (<.001) loyal 
4.0 .74 (<.001) 11.4 
Ley, .28 (<.01 ) 12.6 
TABLE IIIB. 
B: Paper chromatography 
Aldosterone,t Corticosterone, 
ug/100 mg ug/100 mg 
Na/K* tissue/hr tissue/hr 
24.3 Ml 4.0 
16.3 1.32 5.6 
24.3 .69 4.8 
4.0 1.02 5.4 
24.3 82 6.3 
16.3 1.23 5.7 


Mean diff.: .36 + .025 
Significant at P <.01 


* The following concentrations of Na and K (in 
meg/l of medium) have been used: (Na: 143.4, K: 
5.9) Na/K = 24.3. (Na: 138.6, K: 8.6) Na/K — 
HOCUS a Nei llOi8 Ke 9.6) Nia es Nia: 
96.5, K: 5.38) Na/K = 17.9. 

+t Quantitative determination of aldosterone in 
Beckman spectrophotometer at 240 mu. 


Ringer-bicarbonate medium from its original 
Na/K ratio of 24 to a ratio of 16 and 4 by 
lowering the Na and increasing the K concen- 
trations. In 2 cases the Na concentration 
only was decreased, the K concentration re- 
maining about the same as that of the con- 
trol (Table IIIA). Under these conditions 
the sodium-retaining potency of the crude 
fraction of the altered media did not signifi- 
cantly differ from that of the control in the 
first series of experiments, but did so in the 
second. However in this second series, the 
control value of 0.11 wg equivalent of aldos- 
terone is unusually low as compared to the 
range previously stated for the crude fraction 
(0.27 to 0.79 wg/100 mg of tissue/hour). 
More consistent results were obtained after 
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paper chromatographic separation of aldos- 
terone followed by its spectrophotometric de- 
termination (Table IIIB). In 3 studies, the 
production of aldosterone was found to be in- 
creased in the media having a Na/K of 16 
and 4 respectively. The mean difference of _ 
0.36 + 0.025 pg of aldosterone/100 mg of 
tissue/hour is significant at P<.01. 


Discussion. In the present study bioassays 
of the crude chloroform extracts of the incu- 
bation media were performed only as a guide 
to production of sodium-retaining substance 
or substances by the rat adrenals submitted 
in vitro to various stimuli. The inconsistent 
values sometimes obtained by bioassays of 
these crude chloroform extracts are not un- 
expected since such extracts probably repre- 
sent a mixture of substances which individ- 
ually might have widely different or even an- 
tagonistic effects on sodium retention. There- 
fore, the biological activity of the crude frac- 
tions cannot be compared rigidly with the 
quantitative measurement of aldosterone sep- 
arated by paper chromatography and subse- 
quently measured by bioassay or spectro- 
photometry. Recent reports have shown that 
aldosterone or a potent electrolyte-regulating 
substance, in all probability identical with 
aldosterone, is produced by incubation of beef 
and hog adrenal homogenates(4) as well as 
by perfusion of calf adrenal(5). The present 
data demonstrate that under im vitro condi- 
tions the yield of aldosterone by rat adrenals 
is much greater per unit of weight. Studies 
on hypophysectomized animals have sug- 
gested that the pituitary may play a role in 
the secretion of aldosterone since the amount 
of the hormone recovered from adrenal vein 
blood of hypophysectomized rats(9) and 
dogs(10) was found to be lower than in nor- 
mal controls. Our findings tend to support 
this view since a slight but consistent increase 
in aldosterone production was obtained in 
vitro by addition of 2 different ACTH prepa- 
rations to the incubation media. However, 
this effect may be due to contamination of the 
ACTH preparations with some other pituitary 
hormone. On the other hand, growth hormone 
is unlikely to enhance the secretion of aldos- 
terone by a direct effect. Similar conclusions 
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have been reached by Rosenfeld and collabor- 
ators after perfusion of calf adrenals with 
ACTH and with growth hormone(5). Recent 
im vivo studies have indicated the probability 
that the main stimulus of aldosterone secre- 
tion is directly or indirectly related to certain 
changes of sodium, potassium, and water 
metabolism. Although the results presented 
here show that alteration of the Na/K ratio 
of the incubation media is accompanied by an 
increase in aldosterone secretion, the physio- 
logical significance of these experiments seems 
to be limited by the following considerations: 
1) They do not disclose whether alteration 
of Na or K concentrations or both is the effec- 
tive stimulus for the observed increase of al- 
dosterone secretion. 2) This increase is not 
very striking, leaving open the possibility that 
the alteration of Na and K concentrations in 
vivo may exert major effects by an indirect 
action which would not be demonstrable by 
the study of isolated glands. 


Conclusion. Rat adrenal glands incubated 
in vitro released a sodium-retaining substance 
with the properties of aldosterone. Purified 
growth hormone does not seem to increase se- 
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cretion of sodium-retaining activity. Two 
ACTH preparations caused a slight but sig- 
nificant increase of aldosterone production in 
vitro. Alteration of the Na/K ratio of the 
incubation media, by lowering the Na and 
increasing the K concentration, produces a 
moderate enhancement of aldosterone secre- 
tion. 
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The behavior of strontium in the animal 
body has become of particular interest in rela- 
tion to possible hazards from atomic fission 
debris. Contamination of the food chain by 
fallout material may create a situation in 
which the calcium of the dietary becomes as- 
sociated with essentially carrier-free radio- 
strontium. The body burden of radiostron- 
tium, in terms of body calcium, attained after 
ingestion over long periods of time will be 
governed by the Sr*/Ca of the intake and by 
the over-all differentiation between strontium 
and calcium that may take place in such proc- 
esses as primary absorption from the tract; 
incorporation into new bone; incorporation 


into pre-existing bone; renal excretion; en- 
dogenous excretion into the gastrointestinal 
tract; and reabsorption from the tract. 
Comar, Whitney, and lLengemann(1) 
showed that growing rats utilized dietary cal- 
cium in a commercial ration for bone growth 
by a factor of 3.6 over carrier-free Sr 90 that 
had been incorporated into the feed, i.e., the 
Sr 90/Ca ratio of the diet divided by the 
Sr 90/Ca ratio of the bones equaled 3.6. 
These rats had been raised for one or 2 gen- 
erations on a diet in which the Sr 90 to cal- 
cium ratio was maintained at a constant level 
so that their bones were formed entirely from 
the Ca-Sr 90 of the “spiked” diet. This find- 


860 


ing was confirmed by Alexander, Nusbaum, 
and MacDonald(2) who estimated stable 
strontium-calcium ratios in the bones and 
diets of experimental animals. 


The present paper is concerned with (a) 
development of shorter methods for compari- 
son of calcium and strontium metabolism by 
the use of double tracer techniques; (b) dem- 
onstration of the effect of normal types of 
diets on the relative metabolism of calcium 
and strontium; and (c) estimation of the ex- 
tent to which the individual processes in the 
body differentiate between strontium and cal- 
cium. 

Methods. Previous work(1) had shown 
that Ca 45 incorporated into the diet was 
utilized to the same extent as the dietary cal- 
cium. Therefore, it was considered that the 
behavior of Ca 45 and Sr 89 administered in 
the diet for a matter of weeks would give a 
true picture of the behavior of dietary calcium 
and incorporated radiostrontium. This would 
avoid the long feeding period necessary ta ob- 
tain animals whose bones had been entirely 
formed from the ‘‘spiked” diet. Three groups 
of rats were raised on diets as follows: Milk 
—evaporated milk was supplemented to con- 
tain 8.5 mg MnCl, * 4H2O, 4.2 mg CuSOx, 27 
mg FeSO,* 7H2O, 14 mg KI and 4 g yeast 
extract (Difco) per liter of reconstituted milk; 
Milk and Corn—in addition to the milk sup- 
plemented as above, each animal received 1 g 
of ground yellow corn per day; Commercial— 
Rockland rat pellets. The animals on the 
“Milk” and “Commercial” diets were on 
experiment between 30 and 50 days of age, 
whereas the other group was studied between 
21 and 81 days of age (Table I). The ani- 
mals on the “Commercial” diet received the 
Ca 45 and Sr 89 (in constant ratio) in their 
drinking water; the other groups received the 
tracers in the milk. The radioactivity dosage 
amounted to about 0.4 pc of Ca 45 and 0.2 
pe of Sr 89 per animal per day; relatively high 
specific activity preparations were used. Dur- 
ing the latter part of the experiment, the ani- 
mals were placed in metabolism cages for 
quantitative collections of feces and urine. 
At termination, representative animals were 
killed to provide samples of blood and bone 
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(entire femurs). The 2 radioisotopes were 
measured by the usual methods for radioassay 
of mixtures based on differential absorption 
(3,4). Twelve to 15 rats had been started 
on each diet. However, the analytical results 
were in sufficient agreement that only 3 to 4 
animals were used and the remainder were 
carried for another study. 


Expression. In the original paper on this 
subject(1), the results were discussed in terms 
of preferential utilization of calcium over 
strontium as already mentioned. Alexander 
et al.(2) then proposed the term “bone reten- 
tion factor”, which is essentially the reciprocal 
of the preferential calcium utilization. To 
denote the individual tissues, excretions, or 
physiological processes involved, it is neces- 
sary to have broader terminology. We are 
therefore proposing the term “Strontium-Cal- 
cium Observed Ratio” (OR) to denote the 
actual differentiation in tissues or excreta and 
defined as follows: 


Sr/Ca of sample 
(1) 


OR cpleprasrase — Ln 
Sr/Ca of precursor 


This observed ratio (OR) does not imply 
that the tissue in question has exerted any 
action in causing the discrimination. 

To denote the discrimination that is pro- 
duced by a given physiological process, we are 
proposing the term “Strontium-Calcium Dis- 
crimination Factor” (DF). By definition: 

OR = (DF,) (DF,) (DF,)...(DF,) (2) 
Thus, for example, the symbol DFourinary is 
used to designate the contribution to the over- 
all discrimination in the body that resulted 
from differential handling of the two elements 
by the kidney. 

It is noted that OR and DF as defined here 
are the conceptual inverse of the preferential 
calcium utilization, and describe strontium be- 
havior in terms of calcium. They are thus 
similar to the retention factor; when OR or 
DF is less than 1, this means that the stron- 
tium is discriminated against in favor of cal- 
cium. 

Data and Calculations: Table 1 presents 
data for (a) OR values as measured for bone, 
blood, feces, and urine in double tracer experi- 
ments under conditions of daily intake; (b) 


ee = 


—a 


TABLE I. Strontium-Caleium Observed Ratios 
and Pereentage Excretion in the Rat. (Values rep- 
resent mean + stand. error of mean.) 


Milk and Com- 
Diet Milk corn mercial 
No. of animals 4 
Age at start and 30-50 21-81 30-50 
end of study, days 
ORponecaice™ O7T+ 002 452 01 .274 01 
patalnettteul OT 56 30 
blood-diet 46 .04 43+ .O8 21+ .04 
aeaaee WE 1.99 01 147+ 03 11 + .03 
Rate 141+ .08 1.33 .05 127+ .03 
% execretiont 
Ca45inurine 45 +11 5.7 + 6 18 + 3 
Srsg” .» 87419 84+ 6 19+ 2 
Ca4dinfeeces 44 +2 50 =3 71 +6 
SST Mun 62 +4 67: +2 90 +8 


Sr*/Ca* in bone 
Sr*/Ca* in diet - 
+ Caleulated by difference from excretion values. 


* 
ORponeatet = 


. Excretion during last 4 days of exp. 


X 100. 
Intake during last 4 days of exp. 


OR for the entire body as calculated by differ- 
ence from excretion values; and (c) percent- 
age excretion of Ca 45 and Sr 89 under condi- 
tions of daily intake. 

As will be discussed later, there appear to 
be only 2 major discriminatory processes in 
the rat: absorptive and urinary. Under these 
conditions, and with the assumption that the 
urinary excretion of each element is propor- 
tional to the amount absorbed, the following 
equations are easily derived for calculation of 
the Strontium-Calcium Discrimination Fac- 
tors: 

100 — % Sr 89 in feees 


oie 8) 
speonne’* ~~ 100 — % Ca 45 in feces 
OR vetainea-atet 
DEVrinere 2 [SS (4) 
DEyysorpeive 


Table II presents the DF values as calcu- 
lated in this way as well as the comparison of 
blood and urine values to indicate the relative 
renal clearances of calcium and _ strontium. 
It will be recognized that the DF values as 
estimated in this way represent the over-all 
contribution to the discrimination, and do not 
take into account such matters as the change 
in Sr/Ca ratio as the food passes through the 
gastro-intestinal tract. 


Discussion. It is first noted that the 
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ORyone-aiet Value of 0.27 reported for the com- 
mercial diet in Table I is in excellent agree- 
ment with previous values of 0.28(1) and 
0.27(2) determined by other methods. Thus, 
any of the following methods should be valid 
for prediction of naturally occurring Sr/Ca 
ratios or Sr*/Ca ratios when the intake is 
known: (a) analysis and radioassay of bone 
formed entirely from feed with constant ratio 
of added Sr* to naturally occurring calcium 
(1); (b) analysis of natural strontium-cal- 
cium ratios in a given diet and bones formed 
from this diet(2); and (c) radioassay of tis- 
sues or excretions from animals on a daily 
intake of Sr* and Ca* for a matter of weeks. 
The last method will usually be the most con- 
venient from the experimental standpoint. 

The ORyetainea-aiet Values as calculated from 
the balance results are in fair agreement with 
the ORpone-aiee Values. Differences are prob- 
ably due to inaccuracies in collection of ex- 
creta and analysis or less likely to the bone 
not having a Sr*/Ca* ratio representative of 
the entire body. The higher ORpone-aiee Values 
of 0.59 and 0.42 for the animals on the milk- 
containing diets were anticipated and agree 
with the findings of Wasserman ef al.(3), who 
showed that substances such as lactose and 
l-lysine that increased calcium absorption as 
does milk, were even more effective in pro- 
moting Sr 89 absorption than Ca 45 absorp- 
tion. This emphasizes that the nature of the 
diet is important in governing not only the 
extent of alkaline-earth absorption, but also 
the discrimination that occurs. 

Processes with minor discrimination: It is 
convenient first to consider those physiological 
processes by which little or no differentiation 
occurs. Any discrimination in movement of 
calcium and strontium from blood to skeleton 


TABLE II. Strontium-Caleium Discrimination 


Factors in the Rat. 


Milk Com- 
Diet Milk andeorn mercial 

ORx: ine-diet oa 
Se Ee 4.3 3.4 5.2 
ORu ooeadiet 
DPaxiary 8+ S+ Ss 

adsorptive .68 .66 wot 
ORveratnea — Yi 56 .30 


(De cused (COP sort tve) 
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can be estimated by comparison of OR)jiooa-aict 
and OR jone-aiee Values. Table I shows that 
the strontium rather than being discriminated 
against was, if anything, preferentially utilized 
by bone (0.02 <p < 0.05). This may be of 
interest in connection with early observations 
on strontium retention that led to strontium 
therapy for osteoporosis(5). For purposes 
of calculation of over-all discrimination, how- 
ever, it can be assumed that movement from 
blood to skeleton does not contribute signifi- 
cantly. This conclusion was also reached by 
Bauer et al.(6). The relatively large uncer- 
tainties in the ORjjo0q-aiet Values resulted from 
the low levels of radioactivity present in the 
blood in these studies; these low levels led to 
counting difficulties. 

It also appears that excretion of calcium 
and strontium from the blood into the ‘gastro- 
intestinal tract via the bile, pancreatic juices, 
and secretions of intestinal mucosa would not 
contribute in a major way to the over-all dis- 
crimination. Greenberg and ‘Troescher(7) 
found little difference in the biliary excretion 
and total fecal excretion following intraperi- 
toneal injection of Ca 45 and Sr 89 into rats. 
From short term experiments with dogs, 
Singer et al.* found about twice as much Sr* 
was secreted in the bile as Ca*; the total 
excretion of Sr* into the gastrointestinal tract, 
however, exceeded that of Ca* by only about 
20%. Also, the percentage of parenterally 
administered Sr* and Ca* that reaches the 
intestinal tract is relatively small, 7 to 20%. 
In the present paper, no attempt is made to 
distinguish between endogenous and unab- 
sorbed Sr* and Ca* in the fecal excretion 
values. 

Processes with major discrimination: ‘The 
renal clearance of strontium was 3 ‘to 5 times 
that of calcium as indicated by the ratios of 
ORaprine-atet ANd ORpjooa-aiet Values in Table II. 
This general behavior has also been observed 
in man, dog, and bovine(8,9,10). It is also 
apparent, however, from Table II that the 
differential absorption contributed more to the 
over-all discrimination than did the differen- 
tial urinary excretion. This was more pro- 

* Singer, L., Maqsood, M., Medlen, A. B., and 
Comar, C. L., unpublished results. 
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nounced in the rats on the commercial diet 
(DF gisorptive = 0.34 + DForinary == Oconee 
contribution of the urinary discrimination was 
essentially the same in all 3 groups. The 
DF apsorptive, however, was about 0.67 for the 
milk-containing diet. These differences are of 
the same order as reported for the effects of 
lactose on relative strontium and calcium 
absorption. 

As ian independent confirmation of the 
(DF urinary) Value, an experiment was done in 
which rats on a commercial diet were injected 
intraperitoneally with Ca 45 and Sr 89 and 
the excretions studied. Under these condi- 
tions ORyetainea = 0.85, DF urinary = 0.89 and 
DF ecai excretion = 0.96. The discrimination 
factor due to fecal excretion resulted both 
from differential endogenous excretion and 
differential reabsorption from the gastrointes- 
tinal tract. As expected the contribution from 
both of these processes was small. It is of 
interest to note the agreement between the 
DF urinary value as obtained in this experi- 
ment, and that in Table II from the continu- 
ous feeding study. 

Comparison of discrimination among species 
is somewhat difficult because of the variables 
involved, such as age and dietary intake. 
Harrison et al.(8), however, reported that 
adult man receiving a somewhat higher stable 
strontium intake than normal, absorbed cal- 
cium about twice as much as strontium, For 
cattle, it appears that absorptive discrimina- 
tion is small(10). Values of ORpone-aict for 
laboratory animals on commercial diets were 
reported as follows: mice, 0.35; ‘rats, 0.27; 
and guinea pigs, 0.22. The ratios for Nevada 
desert animals were jack-rabbits, 0.20; cotton- 
tail rabbits, 0.22; and kangaroo rats, 0.16(2). 

The principles as presented here can ‘also 
be used in studies where lactation or deposi- 
tion in the fetus provide additional discrimina- 
tory processes. 

Summary. The term “Strontium-Calcium 
Observed Ratio” (OR) is proposed and de- 
fined to designate the over-all discrimination 
that occurs in movement of the 2 elements 
from one phase to another in a biological sys- 
tem. The term “Strontium-Calcium Discrimi- 
nation Factor” (DI) is proposed and defined 
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to characterize the contribution of individual 
processes to the over-all discrimination. 
Double tracer studies of Ca* and Sr* inges- 
tion over a 20-day period gave the same OR 
values as methods based on lifetime feeding. 
Absorption from the tract and urinary excre- 
tion were the major processes by means of 
which the rat discriminated against dietary 
strontium in favor of calcium. ‘There is evi- 
dence of slight strontium preference in move- 
ment of the two elements from blood to 
bone. Excretion into the gastrointestinal 
tract did not contribute significantly to the 
over-all discrimination. Rats on a nonmilk 
diet (ORpone-aiet = 0.27) discriminated more 
against strontium than did those on a milk 
diet (ORpone-aiet = 0.57). This behavior was 
related to the absorptive process. 
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Non-toxic doses of cardiac glycosides have 
been reported to increase cardiac glycogen 
(1,2,3). On the other hand, the data of 
Bomskov and Kaulla(4) and Liebig(5) in- 
dicate non-toxic doses decreased the glycogen 
level of the heart, while the results of Kimura 
(6) showed digotoxin to be without effect. 
Toxic doses of the cardiac glycosides have 
been reported ‘to cause increased glycogen in 
the heart of the /pigeon(7) and in the rat 
doses of 3.4 mg of digitoxin per kilo body 
weight resulted in an increase of the cardiac 
glycogen(4). Nevertheless, depletion of 
cardiac glycogen in animals manifesting signs 
of cardiac glycoside poisoning has been re- 
ported by Cherkes(2) and Haendel and Mu- 


nilla(8). 


The recent report of Bloom, Lewis, Schum- 


* This study was supported by a grant from the 
American Heart Association, 


pert, and Shen(9) that the glycogen of tissues 
can be divided into acid soluble and acid in- 
soluble fractions which maintain a reasonably 
constant ratio to each other and the report of 
Russell and Bloom(10) that most physiologi- 
cal changes in the tissue glycogen take place 
in the acid soluble (labile) fraction while the 
acid insoluble (protein bound) remains rela- 
tively constant suggested that some of the 
equivocal results of the digitalis studies could 
be resolved by a consideration of the effects 
of cardiac glycosides on each of the two gly- 
cogen fractions. 


Methods. Female rats, of various ages, 
were injected subcutaneously with 0.2 mg/ 
kg of digoxin suspended in distilled water. 
With the exception of the newborn animals, 
the rats were injected daily for 5 days and sac- 
rificed 5 hours after the last injection on the 
5th day. The newborn animals received one 
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injection and were sacrificed 5 hours later. 


| 
| 


Animals receiving a toxic dose of digoxin, er 
were given 100 mg of the drug and sacrificed E z eS SES 
5 hours later. All animals were non-fasted Je a | Ha 
and had been fed Purina Laboratory chow pe ~¢/°S8ans 
supplemented by fresh greens once a week up = z 
to the time of sacrifice. At the time of the Sa gl|oorweoe 
sacrifice the animals were given an intraperi- FS be mare ee ey 
toneal injection of sodium pentobarbital (40 ga Sloesnsa 
mg/kg). The newborn and 10-day-old rats =F pets 
were decapitated. With a sharp scalpel, a 2s eopiiaveed, 
single incision was made through the rib cage, = S a | <3 CLEA re 
the heart grasped, the ventricle snipped and See Pe 
quickly placed between 2 slabs of dry ice. 25 £|AASSHS 
The frozen button of tissue was removed and ee 
divided into 2 parts. It was necessary to pool 3 sa) ee Bae 
from 3 to 5 hearts of animals in the newborn S (he SiC 
and 10-day age groups in order to obtain suf- = B\S J Aa He 
ficient tissue for analysis. One part of the Z S| oe 
frozen tissue was weighed and placed in 2 cc z . 
of 30% KOH. After tissue solution, the gly- 2}} | o\\ een 
cogen was precipitated by adding 1.1 to 12 || 35)** "S23" 
vol. of 95% alcohol(11). The other part was 5} | = 
weighed and placed in 5 cc of ice cold 10% 98 
trichloroacetic acid contained in a glass tissue ( nos leas ie oon 
homogenizer set in cracked ice. After homo- 2]]| 2 2) aH 4 HHH ff 
genization in the cold room, the content of the ||] | = me ie Pegi 
homogenizer tube was transferred to a centri- - <| WBNS oo a 
fuge tube, the homogenizer washed with an || | 2 . 
additional 5 cc of ice cold 10% trichloro- 3 2 eee es aia 
acetic acid and the wash added to the centri- (eee HHHHHH 
fuge tube. After centrifugation, the clear Ce 2288S8 
supernatant was decanted and the glycogen . q 
precipitated from the supernatant with 2 vol. = a Ewernace 
allowed to precipitate in the cold over night, 82 slaese 5122 
and then centrifuged. The glycogen from S pert te 72 
both procedures was hydrolyzed by addition 
of 2 cc of 0.6 N HCl and heating in a boiling al antcnr 
water bath for 234 hours. The acid hydroly- z pe 4 14 4 4 
sate was neutralized to phenolphthalein, made ¢|Searan 
up to an appropriate volume with water and | mre ge 
2 cc taken for glucose determination by the a, |e 
method of Benedict(12). 35 reer 
Results. The results presented in Table I 3 | 
show that in the normal animal the trichloro- . 
acetic acid soluble (labile) fraction of cardiac AielSeeS SS 
glycogen, remains reasonably stable from ee |e RSS 
birth through 360 days of age with a rather uel 


abrupt decrease in labile glycogen in the 100- 


400 = 19] 
444 sb 22] 


LQde se Luk 


256 & 14 
§ Single inj. and sacrificed 5 hr later, 


50 
70 


100 mg subeut.§ 


170 + 11 


247+ 7 


5 


+ No. of pooled samples. 
{| Controls for this group are the 360-day-old. 


* Rats at birth given 1 inj. and saerifieed 5 hr later. 


|| Controls for this group are the 100-day-old. 
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day age group, and a significant fall in the 
630-day-old rats. The trichloroacetic acid in- 
soluble (bound) fraction shows a steady rise 
from birth through 100 days of age, a stable 
level from the 100 through the 360-day age 
group and a decline in the older 630-day age 
group. 

Effect of Digoxin on cardiac glycogen. 
Table I shows that digoxin has a varied effect 
on the cardiac glycogen of the rat when in- 
jected before 30 days of age. When rats at 
birth are treated with the drug, there is a 
slight increase in total glycogen. The sig- 
nificance of this rise becomes questionable 
when it is seen to be due to the additive effect 
of a small non-significant increase in both the 
labile and bound fractions. In the 10-day 
age group a 12% increase in total glycogen 
resulting from the digoxin injection was due 
entirely to the 29% increase which occurred 
in bound glycogen fraction. The labile frac- 
tion showed no change from the control. In 
30-day-old rats digoxin gave no evidence of 
effect on cardiac glycogen. 

At 100 days the heart responded to digoxin 
with a 24% decrease in total glycogen. This 
fall, when considered in terms of absolute 
amounts, occurred in both the labile (52 mg 
depression) and bound (48 mg decrease) 
fraction. The labile fraction fell 56% from 
the control value. The 15% change in the 
bound fraction, although statistically of 
doubtful significance (P = 0.10-0.05), is sug- 
gestive of the onset of bound glycogen depres- 
sion evident in the next age group studied. In 
360-day-old rats, digoxin depressed the total 
cardiac glycogen, which fell from a control 
level of 462 mg per 100 g tissue to 296 or a 
decrease of 36%. Both glycogen fractions 
contributed to the decrease. The acid soluble 
(labile) fraction was decreased 43% while 
the acid insoluble (bound) fraction fell 33%. 
In animals at 630 days of age, digoxin caused 
no change in total glycogen. However, this 
negative effect was due to a 55% increase in 
bound glycogen, accompanied by a 64% de- 
crease in labile glycogen. 

Effect of toxic dose of digoxin on cardiac 
glycogen. The 100- and 360-day aye groups 
were selected to note the toxic effect of 100 


865 


mg of digoxin on cardiac glycogen. The drug 
was administered in one dose and the animals 
sacrificed 5 hours later. Both age groups 
showed a rise in total and bound glycogen 
with this toxic dose. The labile fraction rose 
72% in the 360-day age group while the 100- 
day age group showed no change from the 
control. 


Discussion. These results suggest that the 
age of the animal has an influence on response 
of the cardiac glycogen stores to digoxin 
treatment. Rats of 30 days of age or less did 
not respond to digoxin or in some cases as the 
bound fraction of the 10-day age group, with 
a slight increase. Digoxin consistently caused 
a decrease in the acid soluble fraction of gly- 
cogen in the hearts of all rats of 100 days or 
older. Russell and Bloom(10) in commenting 
upon previous work and adding results of 
their own have suggested that the labile gly- 
cogen is the more mobile portion physiologic- 
ally and seems to be associated with the im- 
mediate functional demands made upon the 
tissue. This is of interest, in view of Wol- 
lenberger’s(13) comments that the effect of 
the cardiac glycosides do not appear to be 
related to the energy yielding processes of 
muscle. The age groups represented by 100- 
and 360-day-old rats respond to digoxin with 
a decrease in total glycogen. In the 100-day 
age group the fall in total glycogen is due to 
an equal, in absolute amounts, decrease in the 
labile and bound fraction The digoxin de- 
pression in the 360 age group is predominantly 
due to a decrease in the bound fraction of 
glycogen. The ages 100 and 360 days fall 
within the period of sexual maturity and ac- 
tivity which implies that the sex hormones 
may alter the digoxin response of labile and 
bound glycogen. This problem is under in- 
vestigation. 


The values on cardiac glycogen here re- 
ported are higher than the results reported 
elsewhere(10,14,15) This may be attribut- 
able in part to a sex difference; preliminary 
observations in our laboratory suggest that 
this may be true at least in regard to estro- 
gens. Leonard(16) reported that estradiol 
increased glycogen content of skeletal muscle 
in spayed females. The higher values re- 
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ported here may be due to the Benedict 
method for glucose which is sensitive to non- 
fermentable reducing substances occurring in 
acid hydrolysates of tissues. However, values 
obtained in our laboratory for liver glycogen 
using the Benedict method for glucose agree 
with those reported by Russell and Bloom 
(15), using the anthrone method. In the in- 
stance where approximate ages are mentioned 
for the male rats used by Bloom and Russell 
(14) age (from 3-4 mo. to 6-8 mo.) increased 
both the labile and bound glycogen whereas 
in our series of females the labile fraction re- 
mained relatively constant from birth through 
360 days of age with a considerable fall oc- 
curring in the 100-day age group. Neverthe- 
less, results are consistent with the rise due 
to age reported by Bloom and Russell(14) if 
their 3-4 mo, old series is considered compar- 
able to our 100-day age group. 


Several observations may have a bearing on 
the increase in cardiac glycogen observed with 
toxic doses of digoxin, It is known that -high 
concentrations of the digitalis glycosides have 
a central vasomotor effect(17) which implies 
stimulation of sympathetics and release of 
epinephrine. Bloom and Russell(14) show 
that epinephrine increases the total and labile 
glycogen in the heart. However, their results 
do not indicate an increase in bound glycogen 
which does occur with toxic doses of digoxin. 

Summary, Digoxin in a dose of 0.2 mg/ 
ke caused either no change or a slight increase 
in the cardiac glycogen fractions when ad- 
ministered to rats of 30 days of age or less, 
but caused a decrease in all fractions of car- 
diac glycogen when given to rats of 100 and 
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360 days of age. At 630 days of age, digoxin 
caused a fall in the trichloroacetic acid soluble 
fraction and an increase in the acid insoluble 
fraction with no change in total cardiac glyco- 
gen. When administered to 100- and 360- 
day-old rats toxic doses of digoxin increased 
all fractions of cardiac glycogen except the 
acid soluble fraction of the 100-day-old rats 
which showed no change. 
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The widespread application of tissue culture 
techniques to the study of the behavior of 
both malignant(1-3) and normal(4,5) human 
cells, and the use of such cells for the propa- 
gation of viruses(6-8) has resulted in the es- 
tablishment of a number of strains of epi- 
thelial or epithelial-like cells in continuous 
culture. The present report describes the 
establishment of 2 lines of such cells from 
normal nasal mucosa in the search for tissue 
capable of supporting the growth of common 
cold viruses. 


Material and Methods. The cultivation 
procedures were similar to those used by 
Chang(4) and to those used in this laboratory 
for the.growth of HeLa cells(9). Nasal mu- 
cosa obtained at the time of elective surgery 
was minced and embedded in plasma clots in 
18 & 150 mm roller tubes. Media. Homolo- 
gous serum obtained from each donor was used 
to make growth fluid, as follows: 35% human 
serum, 59% chick embryo extract, and 60% 
Hanks’ balanced salt solution. Final process- 
ing of the chick embryo extract included 
freezing and thawing twice followed by cen- 
trifugation at 18,000 rpm for 30 minutes. It 
had been stored at —20°C for 5 months prior 
to use. Penicillin and streptomycin were 
added to -the growth fluid to give concentra- 
tions of 100 units and 0.1 mg per ml, respec- 


tively. Later, the media consisted of 40% 


of pooled human 'serum and 60% Hanks’ so- 
lution with 5 units of polymixin B plus peni- 
cillin and streptomycin. For subcultivation, 
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0.1% trypsin was initially used to make cell 
suspensions, and 0.1 ml of 1% soya bean 
trypsin inhibitor was added per ml of medium. 
Following the establishment of sheets of epi- 
thelial-like cells in stationary flasks and bot- 
tles, 0.5% versene was substituted for the 
trypsin(10), and the inhibitor omitted. To 
prepare the versene 2.5 g of ethylene diamine 
tetra acetic acid was added to 500 ml of NaCl, 
the solution alkalinized with 5% NaHCOs, 
and autoclaved. Measurements. Certain char- 
acteristics of the cells were measured as fol- 
lows: Size was determined using stained prep- 
arations and living sheets in 24-hour-old 
tubes; the dimension of 100 cells in the plane 
of the scale was measured with an ocular 
screw micrometer. Growth was measured by 
adding 25,000 cells to each of 30 tubes and 
counting the number of cells in 4 of these 
tubes at 24 hour intervals. Details of the 
comparison of effect of trypsin and versene 
on growth rates constitute part of another 
study (10). 

Luxuriant outgrowth was obtained with tis- 
sues from 2 of 4 donors, a 17-year-old female 
(DMB) and a 32-year-old male (DHov), and 
the subsequent behavior of these outgrowths 
was quite similar. 

Experimental. DMB strain (Fig. 1). The 
cilia on the mucosal explants continued to 
beat actively for 7 days, but no cilia were 
observed on the outgrowth of new cells that 
became visible in 4 days. Nearly all of the 
cells that appeared and spread over the sur- 
face of the tube resembled fibroblasts, al- 
though occasional round cells and flat cells 
were observed in the cultures. After 24 days, 
the sheet of cells was trypsinized and new 
roller tubes and some small stationary tubes 
were made. The small tubes were used for 
virus studies(11), and the large tubes sub- 
cultured after 8 days. Again, the cells of the 
sheets which formed resembled fibroblasts, 
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FIG. 1. 


Figs. 1 and 3. Number above the arrow indicates number of days between events; number 
below the arrow indicates cumulative number of days since tissue was explanted. 


However, 8 days following the third subcul- 
ture and 52 days from the date of the original 
explant (Fig. 1) an island of epithelial-like 
cells was noted among the fibroblasts (Fig. 


ee 


FIG. 2. A. Island of DMB cells which appeared 52 days after original explant. Photographed 


2). The cells of this island filled the space 
between the fibroblasts in an additional 14 
days, producing a macroscopically visible mass 
of tissue. The island was then dissected from 


re 


on 56th day. B. 24 hr culture of DMB cells; X 100. C. 4 day culture of DMB cells; xX 100. 
D. DMB cells stained with EA; X 84. 
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FIG. 3. 


the sheet in the roller tubes, trypsinized, and 
the cells resuspended in growth fluid contain- 
ing chick embryo extract. The sheet of epi- 
thelial-like cells which formed within a week 
was removed to make 2 roller tubes. Subse- 
quently, cells from these tubes were trans- 
ferred to Ty5 flasks, then to Too flasks and 
small prescription bottles. The DMB strain 
has been maintained through more than 50 
subcultures for over a year. 

DHov strain (Fig. 3). The outgrowth from 
these explants also consisted predominantly of 
fibroblasts, but more round and polygonal 
cells were evident in among the elongated 
fibroblasts. In 1 of 6 original tubes, an area, 
not a discrete island, of the cellular sheet 
seemed to consist predominantly of epithelial 
cells. After 23 days, an attempt was made to 
remove this area, but the resulting subculture 
again consisted predominantly of fibroblasts. 
However, following a third subculture in a 
different series, islands of epithelial-like cells 
(Fig. 4) were noted in 2 different tubes 47 
and 50 days from the beginning. These is- 
lands filled the gaps between the fibroblasts 
in 10 and 12 more days, and were then re- 
moved, trypsinized and resuspended in growth 
fluid containing embryo extract. Sheets of 
epithelial-like cells formed in 11 and 14 days. 
Cells of this strain have also been maintained 
through more than 50 subcultures for over 
a year. 


Characteristics of cells. As cultivation of 
the DMB and DHovy strains continued, the 
interval between subcultures could be short- 
ened because of the rapid formation of com- 
plete sheets. Chick embryo extract was omit- 
ted from the feeding fluid, but rapid growth 
rates continued, and were similar to those for 
HeLa and Detroit 6 cells in the same medium 
(10). At 2 days, the number of cells had in- 
creased 2X; at 3 days, 4X; at 4 days, 6X; 
at 6 days, 10X. As with the cells of malig- 
nant origin, tubes ready for use in 24 hours 
can be produced by adding 60,000 cells per 
tube. Both strains are quite active metabolic- 
ally, and require daily growth fluid changes. 
Mechanical disruption alone, satisfactory in 
the case of HeLa cells, did not produce good 
cell suspensions because of the tendency of the 
nasal cells, particularly the DMB strain, to 
clump. A 5 minute exposure to versene effec- 
tively removed the sheets and separated the 
cells(10). With versene, 98% of the cells 
observed in the hemocytometer were single 
cells. A maintenance fluid(12) used for HeLa 
cells has been satisfactory for the propagation 
of viruses in these nasal cells. The DMB 
strain holds better than the DHov strain and 
even better than HeLa cells. No truly satis- 
factory maintenance medium for DHov cells 
has been found. The titers of viruses, includ- 
ing poliomyelitis viruses, grown in HeLa cells 
are essentially the same in DMB, DHov, and 
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FIG. 4. A. Island of DHovy cells which appeared 50 days after original explant. 
tures of DHov cells; & 50. C. 4 day culture of DHoy cells; x 100. 
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B. 24 hr eul- 
D. DHoy eells stained 


with HA;; X 84. 


HeLa cells(11). 

Although both strains were derived from 
nasal mucosa, the cells of the two lines differ 
morphologically. DMB cells (Fig. 2) are 
broad, flat, pavement-like cells. DHov cells 
(Fig. 4) are narrower, more elongated, angu- 
lar and pointed, and a number of small round 
cells are persistently present. These differ- 
ences in shape were readily apparent on in- 
spection of the cultures although the cell sizes 
were similar. DMB cells measured as fol- 
lows: Stained, 16 to 105 » with average di- 
ameter of 36 .; living, 16 to 88 » with average 
diameter of 44 yw. DHov cells measured: 
stained, 13 to 101 » with average diameter of 
36 yw; living, 16 to 135 w with average of 41 yp. 
As would be expected from the growth rates, 
many mitotic figures are seen in active cul- 
tures. 

Cover slip preparations stained with EAspo, 
a polychrome stain used to bring out nuclear 


detail, were examined by Dr. James W. 
Reagan,+ a cytologist who has studied the 
morphology of malignant cells for a number 
of years. He reports that both DMB and 
DHov cells exhibit the following character- 
istics: cellular pleomorphism and gigantism, 
multinucleated cells, nuclear enlargement, 
variation in nuclear size and shape, altered 
chromatin patterns, large chromocenters, mul- 
tiple nucleoli, macronucleoli, variation in nu- 
cleolar shapes, and abnormal mitoses. Dr. 
Reagan states that these are the morphologic 
features of malignant cells. 


Cell suspensions therefore were injected into 
the anterior chamber of guinea pig eyes(13)_. 
and into the cheek pouches of cortisonized 
hamsters(14,15). No growth of tumor oc- 
curred in the guinea pig eyes, but since HeLa 
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cells similarly inoculated failed to grow, these 
results are of no significance. The hamsters 
have been followed for 7 weeks without the 
appearance of tumor nodules. No human 
transplantation studies have been done. 


Discussion. The delayed appearances and 
subsequent rapid growth of epithelial-like cells 
in roller tube cultures of nasal mucosa have 
also been observed by Feller(16). The most 
logical explanation would seem to be that 
these cells were always present in the cultures, 
and eventually, for reasons unknown, were 
able to outgrow the fibroblasts and establish 
themselves. Subcultivation of the fibroblasts 
was continued in the same 40% human serum 
medium, but the fibroblasts of both lines 
failed rapidly after 60 days, and could not be 
maintained in continuous cultures. Chang(4) 
has discussed the possibility of chick embryo 
extract being the source of epithelial-like cells. 
The 2 cycles of freezing and thawing followed 
by ultra-centrifugation and storage make the 
presence of viable cells in the extract ex- 
tremely unlikely. Further, as pointed out by 
Chang(4), the susceptibility of the cells to 
poliomyelitis virus indicated that they are of 
human and not of chick origin. 

The emergence from normal tissue of cells 
with the cytologic characteristics of malignant 
cells has been reported in the past, and the 
implications of such an observation are many. 
Since normal mouse or rat fibroblasts can be 
transformed in tissue culture into malignant 
cells capable of producing sarcomas in the 
animals of origin(17-19), it is reasonable to 
assume that cells of human origin are capable 
of such transformation. Indeed, a recent re- 
port describes the transformation of normal 
human fibroblasts into histologically malig- 
nant tissue im vitro(20). It is believed that 
the DMB and DHov strains are epithelial, or 
certainly epithelial-like, cells, but at present 
the only evidence that these cells are malig- 
nant is their morphologic characteristics. The 
behavior of other epithelial cells(4,5) derived 
from normal tissue suggests that they may 
have similar properties. If malignant trans- 
formation of these and other strains can be 
demonstrated—and this will require the estab- 
lishment of new criteria for malignancy— 
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tissue culture will become an increasingly im- 
portant tool for studying the origin and me- 
tabolism of cancer cells(21,22). 

Summary. Two strains of epithelial-like 
cells derived from normal nasal mucosa have 
been maintained through more than 50 con- 
tinuous subcultures for over a year. Both of 
these strains now have rapid growth rates, 
and exhibit the morphologic characteristics of 
malignant cells. 

The technical assistance of Miss Virginia Colville 
and Mrs. Juanita Ruffier is gratefully acknowledged. 
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The cultivation of 2 strains of epithelial- 
like cells derived from normal nasal mucosa 
has been described(1). These cells, the DMB 
and DHov strains, can be distinguished mor- 
phologically, but share in common the capac- 
ity for rapid growth on glass and the presence 
of cytologic features characteristic of malig- 
nant cells(1). The present communication 
reports the susceptibility of these cells to a 
selected group of viruses. 

Methods. The medium used for propaga- 
tion of the cells consisted of 40% pooled hu- 
man serum and 60% Hanks’ balanced salt 
solution, the same feeding fluid used for the 
HeLa cells(2) with which the DMB and 
DHov strains were compared. Tubes for 
virus titrations were used 24 hours after inocu- 
lation of approximately 60,000 cells in 0.6 ml 
of media. Bottles for virus growth were used 
4 to 5 days after the introduction of 10 ml of 
fluid containing 50,000 cells per ml. At the 
time of virus inoculation, these bottles con- 
tained approximately 2.5 « 10® cells. The 
maintenance fluid(3) contained 7.5% chicken 
serum, 17.5% tryptose phosphate broth and 
75% Scherer’s maintenance solution(4). 

Viruses. The viruses employed were: 1) 
Adenoviruses types 1 through 7; type 4 was 
obtained from Dr. M. R. Hilleman, type 7 
from Dr. T. O. Berge, and all other types from 
Dr. R. J. Huebner. 2) Poliomyelitis types 1, 
2, and 3. 3) Coxsackie, Group B, type 3, 
originally isolated in HeLa cells(5). These 
agents had all been passed many ‘times in 
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from the Brush Foundation, the Robert Hamilton 
Bishop, Jr., Endowment Fund, Mr. Philip R. Mather, 
and the Republic Steel Corp. 
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TABLE I. Comparative Virus Titrations* in HeLa 
Cells and 2 Lines of Nasal ‘‘ Epithelial’’ Cells. 


Cell line 
Virus HeLa DMB DHoy 
Adenovirus Typel 5:25 4.25 4.75 
2 4.75 4.0 4.0 
3 4.0 3.75 3.25 
- 3.75 3.5 3.0 
5 6.5 4.75 5.0 
6 6.25 4.5 4.25 
7 3.75 3.75 3.75 
Poliomyelitis Type 1 7.0 7.0 7.0 
2 6.3 6.0 Me OeE 
3 5.7 6.0 6.0 
Coxsackie Group B,3 4.0 4.5 5.0 
ECHO Type 7 5.0 4.5 5.5 
8 4.5 4.5 4.5 
Herpes simplex 3.25 3.75 2.25 
&° CA? Greer 4,25 4.0 3.75 
Chimp ‘‘ rhinitis’? 3.75 315 3.75 
Measles 3.0 2.5 2.75 


* TCD,,/ml (log). 


HeLa cells. 4) Herpes simplex. 5) ECHO 
types 7 and 8, and 6) “chimp rhinitis”, ob- 
tained from Dr. A. B. Sabin. 7) “CA” virus, 
Greer strain, obtained from Dr. R. M. 
Chanock(6). The ECHO and “CA” agents, 
originally isolated in monkey kidney cells, 
were passed two or three times in HeLa cells 
to provide the inocula used. 8) Measles (En- 
ders’ Edmonston strain) obtained from Dr. 
F. C. Robbins after passage in amnion cells, 
and passed once in HeLa cells. 9) Influenza 
A viruses (FW 1-53 and A/Clev/2/56) and 
influenza B viruses (Lee and GL/1/54). 10) 
Mumps virus (Habel strain). 11) Newcastle 
Disease Virus (4F and Hickham strains). 
These were all egg passage strains, and al- 
lantoic fluids were used as inocula for 18 & 
150 mm roller tubes. 


Titrations. Dilutions (1: 3.2 or 10°) of 
inocula were made in Hanks’ balanced salt 
solution, and 0.1 ml of each dilution was 
added simultaneously to 0.9 ml of mainte- 
nance fluid in 2 tubes of HeLa, DMB, and 


Human NASAL CELLS IN CULTURE 


Growth of Viruses in 2 Strains of 
Nasal ‘‘Hpithelial’’ Cells. 


Cell line—TCD,,/ml (log) 


TABLE II. 


DMB DHov 

Inoc- Har- Inoe- Har- 

Virus ulum* yest ulum* vest 
Adenovirus Type 2 1.5 3.75 1.5 3.0 
4 Wat 3.5 ei 3.0 

7 1.0 2.75 1.0 2.75 

Poliomyelitis Type 1 4.0 6.5 4.0 7.25 
Coxsackie Group B,3 3.3 5.25 3.3 5.0 

ECHO Type 7 3.0 4.75 2.25 3.75 
Herpes simplex 1.25 3.25 1.25 4.0 
Chimp ‘‘rhinitis’’ 1.0 1.5 1.0 3.5 


* Final concentration estimated from dilution in 
bottle. 


DHov cells to give the comparisons shown in 
Table I. The tubes were inspected daily for 
the occurrence of degeneration, and alkalin- 
ized with NaHCOs if necessary. For the 
ECHO, “CA”, and “chimp rhinitis” viruses 
end points were determined after 9 days; for 
the other viruses, after 6 days. With the ex- 
ception of measles virus, end points were 
measured by the involvement of 50% or more 
of ithe cells. In the higher dilutions, measles 
virus produced plaques, but general involve- 
ment of the sheet of cells did not occur. Titer 
of measles virus is based on the highest dilu- 
tion producing plaques. 

Growth of virus. Multiplication of certain 
of the agents which produced definite cyto- 
pathogenic effects was assayed by harvesting 
the bottles after the appearance of maximum 
cytopathogenic effects. The cells were dis- 
rupted in the maintenance fluid by freezing 
and thawing 6 times. The supernatant was 
then titered in HeLa cells, and often in DMB 
and DHoy cells as well. Each inoculum had 
previously been titrated in HeLa cells, and 
the amount of virus initially present in the 
bottles was calculated from the dilution of 
the inoculum (Table I). 

Results. Fibroblasts predominated in the 
initial outgrowths from the explants that were 
the origin of both strains of nasal cells(1). 
With the first subcultures of these outgrowths, 
small tubes were made and the cells which 
_ grew, still seemingly all fibroblasts, were in- 
fected with type 4 adenovirus. Virus titering 
103© per ml was added in 0.1 ml amounts to 
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0.9 ml of maintenance fluid in DHov tubes. 
The maintenance fluid was completely re- 
placed on the first and second days. Round 
cells slowly developed, and this time acidity 
was corrected by NaHCO3;. The titer of the 
material harvested on the seventh day was 
10?° TCDso per ml, indicating that at least all 
of the virus added to the tubes had been re- 
covered. This harvest was then added in 0.1 
ml amounts to tubes containing DMB fibro- 
blasts. This amount of virus produces de- 
generation of HeLa cells (and of DMB and 
DHov epithelial-like cells) in 24 hours. The 
development of cytopathogenic changes in the 
fibroblasts was slow (Fig. 1), reaching its 
maximum in 6 days. The maintenance fluid 
was replaced once during this time. The titer 
of the harvest was 10° TCDs5o per ml, indi- 
cating a 10 to 100 fold increase in amount of 
virus. Thus, it was possible to demonstrate 
growth of an adenovirus in fibroblasts before 
the epithelial-like cells derived from the same 
explants of nasal mucosa had been established. 
Although its evolution was much slower, the 
cellular rounding and clumping that occurred 
(Fig. 1, D) was very similar to that noted 
with HeLa cells and the DMB and DHov 
epithelial-like strains. The fibroblasts could 
not be maintained in continuous culture, and 
further virus studies with these cells were not 
possible. All subsequent results were obtained 
with the epithelial-like cells. 


Table I lists those agents which induced 
specific degeneration of DMB and DHov cells, 
and compares the titers obtained with these 
2 strains with those measured with HeLa cells. 
These comparisons indicate that the sensitivi- 
ties of these cells of nasal origin are virtually 
the same as those of HeLa cells. The DHov 
cells are least satisfactory because many round 
cells appear in the several maintenance fluids 
tried. There is no evidence as yet that this 
change is due to the presence of a latent virus , 
in the DHov strain. Representative types of 
the various agents were used to determine 
whether cellular degeneration was accompan- 
ied by viral multiplication (Table IT). As sug- 
gested by the comparative titrations, the yield 
of virus was similar to that obtained with 
HeLa cells. The change induced in DMB 
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dominant cell type. A. Uninfected culture. 


virus. 


and Dhov cells by adenoviruses, polioviruses, 
Coxsackie, and herpes viruses were similar to 
those seen with HeLa cells(7). ‘This was also 
true of the other agents, but the changes have 
not been so generally described. The ECHO 
viruses tested produced small round cells, most 
of which eventually fell off the glass. A simi- 
lar effect was induced by the “chimp rhinitis” 
agent. The evolution of the change was slow, 
maximum titers being obtained in 8 to 9 days. 
The rounded cells tended to be “ragged” and 
were not so spherical or so dense as poliovirus 
infected cells. 

“CA” virus also produced its maximum 
effect in 9 days, and the unique changes that 
developed beginning on the fourth day might 
easily have been mistaken for poor cell main- 
tenance. There was a progression of changes 
which resembled the accumulation of debris 
plus the production of round cells. Certain 
areas of degeneration resembled the “spongy” 


° 


i 


FIG. 1. Growth of type 4 adenovirus in early cultures of DMB cells when fibroblast was pre- 
B. 48 hr after addition of about 300 TCD, of 
C. 96 hr after infection. D. 144 hr after infection. 


HuMAN NASAL CELLS IN CULTURE 


effect noted on the kidney cells by Chanock 
(6). In other areas fragmented sheets of cells 
were plastered with debris which seemed to 
cling like iron filings on a magnet. 

Measles virus produced syncytial giant 
cells, but the cytoplasmic vacuoles were less 
obvious than described for monkey kidney 
cells(8). In addition, collections of material 
resembling steel wool, reminiscent of the effect 
of “CA” virus, appeared. The 10°° and 
101 dilutions of inoculum with a titer of 
10*-° per ml led to degeneration of nearly all 
cells in 4 and 5 days, respectively.. With the 
higher dilutions, as noted above, local areas 
developed, but generalized involvement of the 
sheet of cells did not occur. 

Influenza and mumps viruses did not in- 
duce cytopathogenic effects. Newcastle dis- 
ease virus caused death of cells on initial 
passage; this was interpreted as toxic degen- 
eration since it did not appear on subsequent 
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passages. 

Nasal secretions or washings collected from 
6 adult donors with illnesses resembling the 
common cold have been passed 4 to 5 times 
in both DMB and DHov cells. A type 4 
adenovirus was isolated from an individual 
who had just started to work with this agent 
in the laboratory, and who had an increase in 
titer of type 4 neutralizing antibody. Cyto- 
pathogenic agents have not been isolated from 
the other specimens. 


Summary. (1) Two strains of epithelial- 
like cells derived from nasal mucosa have been 
found to be susceptible to a number of viruses. 
The fibroblasts which predominated in the 
early passages of these cell lines were suscepti- 
ble, although degeneration occurred at a 
slower rate, to type 4 adenovirus. (2) Cyto- 
pathogenic effects were produced by 7 adeno- 
viruses, 3 polioviruses, 2 ECHO viruses, a 
Group B Coxsackie virus, herpes simplex, 
measles, “CA”, and “chimp rhinitis” viruses. 
Titers obtained in the nasal epithelial-like 
cells are similar to those measured with HeLa 
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cells. Multiplication of certain of these agents 
was confirmed by titration of passage mate- 
rial. (3) Influenza and mumps viruses and 
nasal secretions from individuals with com- 
mon colds were not cytopathogenic. 

The technical assistance of Miss Virginia Colville 
and Mrs. Juanita Ruffier is gratefully acknowledged. 
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Lysozyme: Its Characteristics in Human Parotid and Submaxillo-Lingual 
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(Introduced by L. W. Roth.) 


The Dental Research Facility, U.S.N.T.C., Great Lakes, IIl. 


Lysozyme activity in human saliva was 
reported by Fleming along with his discovery 
of the enzyme in 1922(1). It has been shown 
that human parotid saliva exhibits greater ly- 
sozyme activity than the corresponding whole 
saliva(2). This has led to the conclusion that 
the parotid glands are the major contributors 
to the total salivary lysozyme titer, if not the 
sole contributors. We were able to corrobor- 
ate this finding employing turbidimetric assay 
methods(3). However, the lower lysozyme 
activity in whole saliva was due, in part, to 
increases in optical density resulting from dif- 
fering concentrations of salivary sediment in 
_ the reaction systems. In this study, to avoid 
this source of error, salivas were collected by 


methods other than expectoration. Lysozyme 
activity was determined in sediment-free in- 
dividual salivary gland secretions. As a re- 
sult, lysozyme titers in the mixed secretions 
of the submaxillary and sublingual glands 
were found to be considerably higher than 
those in the corresponding parotid salivas. 
Data are presented regarding some of the 
characteristics of parotid and submaxillo- 
lingual* salivary lysozyme. Special emphasis 
is placed upon the interaction of parotid and 
SM-L saliva and the effect of this interaction 
upon the resulting total salivary lysozyme 
titer. 


* Henceforth submaxillo-lingual will be abbreviated 
as SM-L. 
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Methods. (a) Lysozyme quantitation: 
The turbidimetric lysozyme assay method of 
Smolelis and Hartsell(4) was adapted for our 
studies of salivary lysozyme. The optical 
density of a suspension of Micrococcus lyso- 
deikticus cells, subsequent to exposure to an 
unknown saliva sample, was related to a pre- 
viously prepared standard curve employing 
chromatographically homogeneous crystalline 
egg white lysozyme? as the primary standard. 
Accordingly, salivary lysozyme activity could 
be expressed as micrograms of enzyme per ml 
of saliva. These quantitative values, how- 
ever, were not absolute, but represented egg 
white lysozyme equivalents. (b) Saliva col- 
lections: Parotid saliva was collected with 
the device and according to the method de- 
scribed by Curby(5). SM-L saliva was con- 
sidered that secretion drawn from the floor of 
the mouth by gentle negative pressure into a 
sterile filtration tube after placing Curby caps 
over the right and left Stenson duct orifices. 
This method of collection yielded a clear mu- 
coid fluid considered to be an expression of 
the submaxillary and sublingual glands. 
Parotid saliva, when collected singly, was 
stimulated by chewing sweetened gum. SM- 
L and parotid salivas, when- obtained simul- 
taneously, were stimulated by applying a 
small quantity of 3% acetic acid to the tip of 
the tongue. 


Results. (a) Parotid saliva: Parotid saliva 
lysozyme tests were made at dilutions of 1:10 
in the reaction system. The mean lysozyme 
titer in the secretions of the right glands of 
100 normal male Naval personnel,# age 17 
to 26, was 23.1+14.3§ pg/ml. Values 
ranged from 4.5 to 80.0 pg/ml. The mean 
lysozyme titer in the mixed right and left 
gland secretions, collected simultaneously with 
SM-L saliva, in 30 individuals, was 15.0 + 
9.2 pg/ml. Values ranged from 5.0 to 42.0 
pg/ml. The pH optimum for parotid lyso- 
zyme activity was 6.2 (Sdrensons M/15 phos- 
phate buffer). Total loss of enzyme activity 
was encountered upon heating parotid saliva 
at 60°C for 45 minutes (Fig. 1). (b) Sub- 


+ Difco Laboratories, Detroit, Mich. 
+ Henceforth all cases fall into this classification. 
§ Group mean with standard deviation. 
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FIG. 1. Effect of heating on salivary lysozyme ac- 
tivity. Saliva samples were held at each tempera- 
ture for 45 min. before activity tests. 


maxillo-lingual saliva: SM-L saliva lysozyme 
tests were made at dilutions of 1:20. The 
mean lysozyme titer for 30 individuals was 


TABLE I. Lysozyme Titers in Parotid, Submax- 
illo-Lingual (SM-L) and Equimixtures of Both 
Salivas. 


————_ Lysozyme (ug/ml) ———————_, 
Parotid and (SM-L) 


c — - Differ- 
Parotid (SM-L) Expected Observed ence 

5.0 38.0 43.0 42.5 - 6 
5.0 38.0 43.0 41.5 - 1.5 
5.5 47.0 52.5 50.0 — 2.5 
5.5 90.0 95.5 88.0 = 3160 
5.7 62.0 67.7 64.0 — 3.7 
6.0 9.0 15.0 20.5 + 5.5 
6.4 64.0 70.4 50.0 — 20.4 
8.0 76.0 84.0 76.0 — 8.0 
8.5 90.0 98.5 87.0 —11.5 
9.0 50.0 59.0 53.0 — 6.0 
9.5 68.0 77.5 76.0 = 1.5 
9.6 88.0 97.6 88.0 — 9.6 
10.5 74.0 84.5 66.0 — 18.5 
10.5 148.0 158.5 130.0 — 28.5 
11.0 82.0 93.0 82.0 -—11.0 
11.0 87.0 98.0 87.0 —11.0 
12.0 92.0 105.0 90.0 — 15.0 
13.0 50.0 63.0 65.0 + 2.0 
16.6 37.0 53.6 64.0 + 9.4 
18.7 82.0 100.7 76.0 — 24.7 
20.0 70.0 90.0 72.0 — 18.0 
20.0 69.0 89.0 73.0 — 16.0 
20.5 65.0 85.5 74.0 -11.5 
21.0 70.0 91.0 70.0 — 21.0 
23.2 94.0 111.2 94.0 — 23.2 
25.0 148.0 173.0 148.0 — 25.0 
25.0 80.0 105.0 80.0 — 25.0 
27.0 94.0 121.0 97.0 — 24.0 
34.0 38.0 72.0 44.5 — 27.5 
42.0 104.5 146.0 104.0 — 42.0 
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LYSOZYME LOSS OR GAIN PAROTID-SM-L_ INTERACTION 


Oo 5 10 15 
PAROTID SALIVA LYSOZYME (pg/ml) 


20 25 30 35 40 45 


FIG. 2. Relationship of parotid lysozyme titers in 

each of 30 individuals to loss or gain in lysozyme 

activity in equimixtures of their parotid and sub- 
maxillo-lingual saliva. 


73.4 + 29.3 pg/ml. Values ranged from 9.0 
to 148.0 ng/ml. The pH optimum was 6.2. 
Fig. 1 shows that total loss of enzyme activity 
occurred upon heating SM-L saliva at 90°C 
for 45 minutes. This remarkable thermosta- 
bility of the SM-L enzyme is undoubtedly due 
to high concentrations of protein in the se- 
cretion. (c) SM-L-parotid saliva interac- 
tion: Lysozyme quantitations were made in 
equimixtures of SM-L and parotid salivas 
(1:20 dilutions) of the 30 individuals previ- 
ously mentioned. The results of these tests 
appear in- Table I. The observed lysozyme 
titers of the SM-L-parotid saliva interaction 
were, in all but 3 cases, less than the calcu- 
lated expected titers. A plot of each parotid 
lysozyme value vs. the corresponding differ- 
ence between the observed and expected value 
of the SM-L-parotid saliva interaction re- 
vealed a positive correlation (Fig. 2), suggest- 
ing existence of a component in the SM-L 
saliva capable of selectively inhibiting paro- 
tid saliva lysozyme activity. 

Kaiser(6) has shown lysozyme inhibitory 
powers in electronegative chain molecules con- 
taining sulfur, e.g., heparin, sulphonated hy- 
aluronic acid, and sulphonated carboxy cellu- 
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lose. Mucoitin sulfate, a monosulfuric acid 
ester of hyaluronic acid, occurs as the pros- 
thetic group associated with gastric and sali- 
vary mucin(7). Accordingly, the “muco- 
polysaccharide”’|| component of 4 ml of SM-L 
saliva was isolated by a modification of the 
method described by Winzler, Devor, Mehl 
and Smyth(8). By dry weight, 5.8 mg of 
the material was obtained. This material was 
suspended in M/15 phosphate buffer, pH 
6.2, and added to parotid lysozyme reaction 
systems in concentrations ranging from 0.1 
to 1.0 mg/ml of parotid saliva. The SM-L 
“mucopolysaccharide” inhibited parotid lyso- 
zyme activity in a linear fashion up to 0.4 
mg/ml (Fig. 3). At the higher concentra- 
tions a consistent reduction of approximately 
75% in parotid lysozyme activity occurred. 
The SM-L “mucopolysaccharide” exhibited 
no lysozyme activity per se. 

Discussion. The difference in the group 
means of the parotid saliva lysozyme titers 
found in the 100 right gland tests and in the 
30 mixed right and left gland tests was sig- 
nificant. The values in each group, and par- 
ticularly in the right gland group, were ab- 
normally distributed so that the means were 


PAROTID SALIVA LYSOZYME (g/ml) 


ce) 02 0.4 1056 0.8 10 
SM-L “MUCOPOLYSACCHARIDE" (mg/ml) 
FIG, 3. The inhibitory effect of isolated ‘‘mueo- 


polysaccharide’? in submaxillo-lingual saliva on 
parotid saliva lysozyme activity. 


|| Mucopolysaccharide is placed in quotations since 
absolute identification and purity have not been 
determined. 
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not representative of the groups. Modal val- 
ues, as determined by the A method(9), were 
essentially the same; right gland group 10.0 
pg/ml and mixed right and left gland group 
9.0 pg/ml. The apparent variability in paro- 
tid saliva lysozyme titers encountered in this 
study could be accounted for by the different 
methods of gland stimulation and/or by the 
ability of the parotid gland to produce lyso- 
zyme in varying amounts according to the par- 
ticular nervous stimulation present. In the 
course of our work with SM-L-parotid saliva 
interaction, it was observed that heat inacti- 
vated SM-L saliva (90°C for 45 minutes) 
lost its ability to inhibit parotid saliva lyso- 
zyme activity. This finding would tend to 
discount an inhibition of a non-competitive 
nature. On the other hand, to call the SM-L 
“mucopolysaccharide” inhibition of the paro- 
tid lysozyme selectively competitive would 
imply greater specificity for the inhibitor than 
for the substrate in the Micrococcus lysodetik- 
ticus cells and this would be invalid without 
knowing more of the direct mechanism of the 
inhibitory reaction. Lysozyme activity in 
SM-L saliva does not appear to be inhibited 
by the “‘mucopolysaccharide” component pres- 
ent therein. In this regard, Lindley(10) 
draws attention to the fact that 2 enzymes, 
both requiring the same group for activity 
may nevertheless show marked differences in 
behavior toward the same inhibitor. It is 
probable that such a system exists in the SM- 
L-parotid saliva interaction. Recently, lyso- 
zyme has been implicated as a determinant in 
the integrity of mucous membranes; espe- 
cially those of the alimentary canal(11). 
Meyer, Prudden, Lehman, and Steinberg 
found high titers of gastric and intestinal ly- 
sozyme occurring concomitantly with (and 
many times preceding) ulcerative gastrointes- 
tinal disease. Therefore, it is tempting to 
speculate upon the role of salivary lysozyme 
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in the etiology and course of ulcerative gingi- 
val disease. A possibility exists that a dimin- 
ished quality or quantity of salivary mucoid 
and/or an abnormally high parotid lysozyme 
titer could play an important part in the eti- 
ology of ulcerative gingival disease. 


Summary. 1. Lysozyme titers in secre- 
tions of the submaxillary and sublingual sali- 
vary glands were found to be substantially 
higher than those in the parotid gland secre- 
tions. 2. Parotid saliva lysozyme titers were 
variable. Means of the groups tested were 
considered equivocal. 3. A component of 
submaxillo-lingual saliva, isolated as the 
“mucopolysaccharide” group, exerted marked 
inhibition upon lysozyme activity in parotid 
saliva. This inhibition was probably com- 
petitive in nature. 


The opinions or assertions contained herein are 
those of the authors and are not to be construed as 
official or reflecting the views of the Department of 
the Navy, or the Naval Service at large. 
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The available evidence as reviewed by 
Hodge and Smith(1) indicates that rapid urin- 
ary excretion of fluoride is one of two major 
means by which the body prevents the accu- 
mulation of sufficient fluoride ion to reach 
toxic levels. Approximately half to two-thirds 
of the fluoride ingested is removed in this man- 
ner; the balance is deposited in the skeleton. 

It would be unnecessary to assume that a 
special excretory mechanism were involved if 
the renal clearance of fluoride could account 
for the prompt appearance in the urine of a 
sizeable fraction of a small oral dose(1) and 
for the prompt disappearance of blood-borne 
fluoride after intraperitoneal(2) or intraven- 
ous(3) doses. Indications that this hypothe- 
sis is tenable were found in data from a fluor- 
ide balance experiment in rabbits(4); the 
tubular resorption of fluoride apparently was 
less efficient than that of sodium, chloride or 
water. 

In this report renal clearance of fluoride by 
the female dog has been measured under a 
variety of conditions. Even at normal blood 
fluoride concentrations, in the microgram per 
100 ml range, fluoride exhibited a rapid clear- 
ance, exceeding the simultaneously measured 
water or chloride clearances. 

Methods. Renal clearance experiments were 
performed on 4 female mongrel dogs weighing 
These dogs were maintained 
on a stock fox chow ration (containing ca. 13 
ppm F) and drank tap water containing 1.0 
ppm F (artificially fluoridated). Since the 
experiments were designed to measure clear- 
ance and not balance, the exact fluoride intake 
was not determined. 


* This paper is based on work performed under 
contract with the United States Atomic Energy Com- 
mission at the University of Rochester Atomic Energy 
Project, Rochester, N. Y. 

+ Present address: National Heart Institute, Na- 
tional Institutes of Health, Bethesda, Md. 


During clearance periods the animals were 
unanesthetized and loosely restrained in the 
supine position. Urine was collected through 
Foley inflatable catheters; the collection was 
terminated by 2 bladder washings with dis- 
tilled water and one with air. Food was with- 
drawn 24 hours prior to each experiment, but 
tap water was allowed ad libitum unless indi- 
cated. With normal fluoride intake and ex- 
cretion rates, 7.€., no intravenous fluoride 
given, the clearance periods were 20 to 60 min- 
utes. The periods were shortened to 10 min- 
utes when fluoride was injected by vein. 

Fifteen ml blood samples were withdrawn 
into heparin from a jugular vein at the mid- 
point of each clearance period. When fluoride 
was not injected, the blood contained so little 
fluoride that the plasma from 3 samples was 
pooled to provide an adequate sample for ac- 
curate analysis. Presumably this value reli- 
ably estimated the control blood fluoride con- 
centration during the 3 hour test period. 

Glomerular filtration rates were estimated 
by the clearance of endogenous creatinine. 
Hare’s method(5), slightly modified, was em- 
ployed. Flame photometry was used to meas- 
ure sodium(6). The Fiske-Subbarow method 
was used for phosphate analyses(7). Fluor- 
ide in plasma and urine was determined by the 
methods of Smith and Gardner(8,9) and 
chloride by titration with mercuric nitrate 
(10). 

Low rates of urine flow were obtained by 
withdrawal of water for 27 hours preceding 
tests. Diuresis was induced a) by administer- 
ing tap or distilled water via stomach tube, 
and b) by administering hypertonic solutions 
of mannitol or salts. Intravenous injections 
and infusions were made into the jugular vein 
opposite that used for blood withdrawal. 

Results. Ultrafilterability of Fluoride in 
Dog Plasma. As an indication of whether the 
fluoride in dog plasma is bound to non- 
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filterable proteins, the fluoride concentration 
in an ultrafiltrate of plasma was measured. 
Samples of normal plasma and of plasma con- 
taining 1.4, 6.6 and 10.5 »g/ml added fluoride 
were ultrafiltered through seamless visking 
casing using the centrifuge type apparatus of 
Toribara(11). There was no difference be- 
tween the fluoride concentrations in the ultra- 
filtrate and in the original plasma. Since 
fluoride moved through the visking membrane 
at the same rate as did water, the total plasma 
concentration can be used in calculating the 


TABLE I. Normal Fluoride Clearance in the Dog. 


Urine Plasma F, 
flow GFR Coi- Cp-  yg/100 ml* 
Water ad libitum 
10 3251. 20 .73 60 
10 Boek nt 17 60 
10 35.0 .20 2.0 29 
12 29.0 16 15s) 42 
13 32.0 10 1.2 46 
15 35.6 A2 1.4 60 
slg 33.5 22 1.4 46 
.20 37.6 Ales: 28 
27 40.5 2.0 28 
coo 39.1 2.0 28 
40 34.3 .29 1.6 46 
.65 29.6 mi lis) 1.2 61 
BOL 43.5 Al 4.0 34 
Avg 35.0 33 7, 
Adm. distilled wate 
.23 34.7 2 2.6 29 
40 28.3 2.0 (36) 
60 28.5 05 2.5 (36) 
.83 30.0 04 2.3 (36) 
MeOH 42.0 18 2.8 34 
1.55 44.5 30 4.1 34 
1.70 33.4 25) 2.5 29 
Avg 34.5 LG 2.9 
Adm. tap water 
12 29.6 12 2.2 42 
1.47 33.5 12 4.5 42 
1.84 29.2 12 BED 42 
2.45 39.4 afl 2.1 61 
2.92 34.3 09 1.9 61 
Avg 33.2 11 2.8 
Water withdrawn 27 hr 
.05 30.7 ra) 4.3 15 
.07 31.4 siz 3.2 12 
07 33.0 22, 4.1 133 
.08 36.5 26 7.2 15 
-08 35.2 16 2.9 12 
ils 36.1 14 4.1 ite 
Avg 33.8 ali? 4.3 
Overallavg 34.4 18 2.7 36 
Range .04-.42 .73-7.2 12-61 


* Values within parentheses taken from pooled 
plasma samples. 
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FIG. 1. Percentage of filtered ion and water ex- 
ereted at various creatinine U:P ratios during 
hypertonic mannitol infusion. 


renal clearance of fluoride. 


In one instance where fluoride was added 
to plasma, chloride also was measured in the 
plasma and in the ultrafiltrate; no difference 
was found. , 


Normal fluoride clearance. A series of nor- 
mal fluoride clearance measurements was 
made. The urine flow varied from 0.05 to 
nearly 3 ml/min. (Table I). Collection peri- 
ods each were 60 minutes. In the control 
group without special treatment (water ad 
libitum) fluoride clearances averaged 1.7 ml/ 
min., with an average fluoride : chloride clear- 
ance ratio of 7 and fluoride : creatinine clear- 
ance ratio of 0.048. Thus, in this group, 4.8% 
of the filtered fluoride was excreted against a 
simultaneous chloride value of 95%. At ele- 
vated or reduced rates of urine flow estab- 
lished by the administration of distilled water 
or tap water or by water withdrawal, fluoride 
clearances increased to 2.9, 2.8 and 4.3 ml/ 
min., respectively. Chloride clearances, on 
the other hand decreased to 0.17, 0.11, and 
0.17 ml/min. Therefore in these 3 control 
groups, average fluoride : chloride clearance 
ratios (27, 25, 25) were considerably higher 
than in the water ad libitum group, as were 
also the average fluoride : creatinine clearance 


err 


cretion. 
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TABLE II. Effect of Hypertonic Salt Infusion on Fiuoride Clearance. 


Time, Urine 
min. flow GFR Cor Cy- Cy-/Cor- Ce-/GFR 
Hypertonic NaCl 0 
20 01 28.5 062 3.9 63 14 
27 Began infusion of 5% NaClat 8.5 ml/min, T.V. = 255 ml 
34 Washed bladder. Start of exp. periods 
tt 1.5 34.8 3.08 6.7 2.2 ait) 
54 5.0 33.7 7.8 4.7 6 14 
64 8.8 42.8 13.1 9.8 75 23 
Hypertonic NaCl ¢ 0 Began infusion of 5% NaCl containing 100 mg F'/ml at 10.0 ml/ 
fluoride min, T.V.— 350 ml 
15 Start of exp. periods 
25 4.5 45.3 7.0 21.8 3.1 48 
35 6.7 49.2 —_— 28.0 — 57 
45 6.1 44.6 8.2 24.5 3.0 55 
Hypertonic NaNO; 0 Adm. 300 ml distilled water by stomach tube 
30 Start of control period 
50 09 48.5 04 2.5 62.5 05 
51 Began infusion of 2.6% NaNO, at 5 ml/min. T.V. = 280 ml 
65 Washed bladder. Start of exp. periods 
85 1.7 46.0 2.4 2.8 Blea 06 
105 5.4 48.3 6.7 3.2 48 07 
Hypertonic Na,SO, 0 Adm. 350 ml distilled water by stomach tube 
10 Start of control period 
30 15 26.1 04 let 192 .30 
35 Began infusion of 2.8% Na.SO, at-7 ml/min. T.V. — 425 ml 
50 Washed bladder. Start of exp. periods 
70 7.3 31.0 39 (fal! 18.2 23 
90 7.5 32.2 1.49 4.9 3.3 15 


tatios (0.081, 0.087, 0.126). Plasma concen- 
trations of fluoride averaged 36 pg/100 ml 
with a range of 12-61. The blood level of 
fluoride was lower after water was withdrawn 
for 27 hours. Water was provided ad libitum 
for one control period in each of the water 
diuresis experiments; these data are listed in 
the “water ad libitum” group and account for 
the greater number of these periods. 

Effect of Mannitol Diuresis on Fluoride Ex- 
The experimental technique was as 
follows: 250 ml of a 25% mannitol solution 
containing 125 pg F-/100 ml was infused i.v. 
at a rate of 6-7 ml/min., and urine was col- 
lected for three 10 min. periods following a 
12 min. equilibration. Infusion of hypertonic 
mannitol evoked a considerable diuresis, with 
maximal urine production approximating one 
third of the glomerular filtration rate. Under 
these conditions the composition of the urine 
approaches that of the fluid entering the distal 
tubules(12). A representative mannitol di- 
uresis experiment is plotted in Fig. 1. The 


percentage excretion of filtered substance has 
been plotted on a log-log scale vs. the creati- 
nine U:P ratio. In these experiments the 
minimal creatinine U:P ratio was 2.9 and 
the maximal ratio was over 100. Phosphate 
excretion was practically independent of cre- 
atinine U : P ratios; 2 to 4% of the phosphate 
was excreted in each test. As the creatinine 
U : P ratio approached 1.0, the percentage of 
sodium and of chloride which escaped tubular 
reabsorption was less than that for water. 
This approach has led to presumptive evidence 
for the active proximal tubular reabsorption 
of sodium(12) and calcium(13). The fluor- 
ide excretion curve lies roughly parallel to 
that for water but above it. At all urine flow 
rates, fluoride was excreted with a clearance 
much greater than that of water, sodium, 
chloride or phosphate. 

Effect of Salt Diuresis on Fluoride Excre- 
tion. Osmotic diuresis using hypertonic NaCl, 
NaNOs, and NasSO, was employed to observe 
its effect on fluoride excretion. In addition 
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2. Fluoride: creatinine clearance ratios at 
various fluoride plasma concentrations. 


to increasing the urinary rate, the high plasma 
concentrations of such anions might be ex- 
pected to interfere with or enhance fluoride 
clearance. The data are shown in Table II 
and Fig. 2. No significant increase of fluoride 
clearance above control levels followed the 
infusion of hypertonic NaNO; or Na2SO,4 even 
though a large diuresis of water, sodium, 
chloride, and presumably infused anion_oc- 
curred. Hypertonic NaCl did increase fluor- 
ide clearance appreciably, although the chlor- 
ide clearance exceeded that of fluoride in the 
last 2 experimental periods. When a fluoride- 
containing hypertonic NaCl solution was in- 
fused, the fluoride clearance was actually 
greater than if only fluoride (NaF) had been 
used to raise the plasma fluoride (Table II). 
This tendency for a more rapid excretion of 
fluoride during NaCl diuresis was similar to 
that seen with mannitol diuresis. 


Discussion. Renal clearance of fluoride at 
normal plasma levels in the dog, viz., 12-61 
pg F/100 ml (0.0065-0.033 mEq./1.) was 
rapid. For example, average normal excretion 
of filtered fluoride was 7.7% with extreme 
ranges of 2.3 and 13.9%. Few physiologic- 
ally occurring anions are cleared by the kidney 
with such rapidity. 

The fluoride clearance values (0.73-7.2 ml/ 
min.) can be compared with available data on 
such anions as chloride, bromide, and phos- 
phate. The normal chloride clearance is less 
than 1% of the glomerular filtration rate 
(averaging 0.5% in this study). Average 
clearance ratios of 0.6 for bromide : chloride 
(14) have been reported for the dog, a value 
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much smaller than that for fluoride : chloride. 
However, an interdependence of bromide with 
chloride excretion was demonstrated, chloride 
loading increasing bromide: chloride excre- 
tion. In this respect these halogens, fluoride 
and bromide, are similar in that diuresis in- 
creased fluoride excretion. Nearly quantita- 
tive renal resorption of phosphate(14) occurs 
at normal plasma levels. The mechanism of 
its active resorption thas a limited capacity 
and can be saturated, whereupon its clearance 
approaches that of creatinine. Osmotic di- 
uresis should not affect the excretion of this 
ion. Fig. 1 shows that phosphate excretion 
did not vary with the creatinine U/P ratio. 
Fluoride, in contrast to chloride, bromide, and 
phosphate, demonstrated a high rate of renal 
clearance at the relatively low plasma con- 
centrations attained upon fluoride administra- 
tion. For example, the fluoride : creatinine 
clearance ratios, with only one exception, lay 
between 0.2 and 0.7 at plasma fluoride levels 
between 58-2883 ywg/100 ml (Fig. 2). The 
highest fluoride : creatinine clearance ratios 
were obtained during mannitol diuresis (Fig. 
2). Since fluoride clearance was always well 
below the creatinine clearance, there was no 
evidence in these experiments that tubular se- 
cretion occurred. A similar conclusion was 
drawn from estimations of the fluoride clear- 
ance in rabbits(4). 


Summary. Fluoride in dog plasma was 
completely ultrafilterable through visking 
membranes when tested using the centrifuge 
type apparatus. In dogs with a normal water 
load, the average normal renal fluoride clear- 
ance was 2.7 ml/min.; the fluoride : chloride 
clearance ratio, 19; and the fluoride : creatin- 
ine clearance ratio, 0.077. Fluoride clearance 
was more rapid than that of simultaneously 
measured sodium or chloride clearances or 
urine flow. During mannitol diuresis, fluoride 
was cleared at a rate higher than that of so- 
dium, chloride, or phosphate. Fluoride clear- 
ance, although greater than urinary flow, var- 
ied directly with the flow under mannitol 
osmotic diuresis. Intravenous infusion of hy- 
pertonic NaNOs or Na2SOx solutions, creating 
a salt diuresis, did not affect fluoride excre- 
tion. Hypertonic NaCl infusion did increase 
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the fluoride clearance. Although fluoride : 
creatinine clearance ratios were raised greatly 
by intravenous fluoride, the highest ratios 
were attained during fluoride infusion plus 
osmotic diuresis with hypertonic mannitol or 
NaCl. No evidence for a tubular secretion 
of fluoride was obtained. 


1. Hodge, H. C., and Smith, F. A. Some Public 
Health Aspects of Water Fluoridation. Fluoridation 
as a Public Health Measure. Ed. James H. Shaw, 
A.A.A.S., Washington, D.C., 1954. 

2. Smith, F. A., and Gardner, D. E., unpublished 
data. 

3. Wallace-Durbin, P., J. Dent. Res., 1954, v33, 
789. 

4. Smith, F. A., Gardner, D. E., and Hodge, H. C., 
A.M.A. Arch. Ind. Health, 1955, v11, 2. 

5. Hare, R. S., Proc. Soc. Exp. Brot. AND MEp., 
1950, v74, 148. 


883 


6. Weichselbaum-Varney Universal Spectrophotom- 
eter, Manual, Fearless Camera Corp., Los Angeles, 
Calif. 

7. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 
1925, v66, 375. 

8. Smith, F. A., and Gardner, D. E., J. Dent. Res., 
1951, v30, 182. 

9. , Am. Ind. Hyg. Assn. Quari., 1955, v16, 
215. 

10. Asper, S. P., Schales, O., and Schales, S. S., J. 
Biol. Chem., 1947, v168, 779. 

11. Toribara, T. Y., Anal. Chem., 1953, v25, 1286. 

12. Wesson, L. G., Jr., and Anslow, W. P., Am. J. 
Physiol., 1948, v153, 465. f 

13. Chen, P. S., Jr., and Neuman, W. F., zbid., 
1955, v180, 623. 

14. Smith, H. W., The Kidney, Structure and 
Functiom in Health and Disease. Oxford Univ. Press, 
NeTYs, 195t- 


Received: July 6, 1956. P.S.E.B.M., 1956, v92. 


Rapid Diagnosis of Human Influenza Infection from Nasal Smears by 


Means of Fluorescein-Labeled Antibody.*t 


CH’Ien Liv. 


(22642) 


(Introduced by Albert H. Coons.) 


Depariment of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


Laboratory diagnosis of influenzal infection 
is usually carried out by means of retrospec- 
tive serological reactions or by isolation of the 
virus from throat washings. Attempts have 
been made to shorten the time for diagnosis. 
-Hummeler e¢ al.(1) used the complement 
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fixation test with known serum and the sol- 
uble antigen from primary isolation of the 
virus in chick embryos. He reported that 
typing of the virus was successful in 48 to 72 
hours after collection of specimens. Fazekas 
de St. Groth(2) found that the “inhibitory in- 
dex”’ to influenza virus of human nasal mucus 
was significantly increased during the acute 
stage of infection, allowing an early presump- 
tive diagnosis of influenzal infections. 


In the study of influenzal infection in fer- 
rets by means of fluorescein-labeled antibody, 
it was possible to make a rapid diagnosis of 
influenzal infection during the acute stage of 
illness by detecting specific viral antigen in 
the desquamated nasal epithelial cells and 
macrophages in the nasal smears(3). This 
paper reports the application of this method 
to human influenzal infection. The results in- 
dicate that, although the staining of nasal 
smears by fluorescein-labeled antibody is less 
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sensitive than the standard hemagglutination- 
inhibition test for the diagnosis of influenzal 
infection, it is much quicker. A diagnosis 
can be made on the same day as the collection 
of the nasal washings. 

Materials and methods. Most of the pa- 
tients were young male students admitted to 
the infirmaries of Harvard University, Cam- 
bridge, Mass. or Phillips Exeter Academy in 
Exeter, N. H. with a clinical diagnosis of in- 
fluenza or acute upper respiratory infection. 
The patients at Harvard were examined by 
the author and the patients in Exeter were 
examined by Dr. James T. Heyl. On all pa- 
tients, nasal washings and a sample of venous 
blood were collected during the first visit 
while they were at the infirmary. The conval- 
escent blood samples were collected 2 to 3 
weeks after they were discharged. 


Preparation of nasal smears. Nasal wash- 
ings were performed with the patient in a 
supine position, and the neck fully extended. 
With a 10 ml pipette, 5 ml of normal 0.85% 
saline was introduced into each nostril. (In 
a few cases, beef heart infusion broth was 
used instead of saline.) After instillation of 
the solution, the patient was allowed to sit up 
to let the saline drip out and the liquid was 
collected into a Petri dish. Usually about 
4 to 5 ml of liquid was recovered from both 
nostrils. About one ml of the washings was 
put into a test tube, sealed and stored in a 
dry CO, box to be used for virus isolation. 
The remainder was transferred to a test tube 
and centrifuged at about 1,000 rpm for 5 
minutes. The supernatant fluid was removed 
by a capillary pipette, leaving about 0.2 ml 
of liquid. The cellular sediment was then 
dispersed in this small volume of saline. A 
drop of the cell suspension was spread over an 
area of about 1 cm in diameter on a 3 x 1 
inch glass slide. Four to 5 slides were made 
from each nasal washing. The slides were 
dried in air at room temperature and then 
kept in the refrigerator at 4°C. Slides may 
also be dried directly in the refrigerator. Ina 
few patients, a small cotton swab wetted with 
saline was introduced into the upper nasal 
passage with the aid of a nasal speculum and 
a head mirror. The nasal turbinates were 
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touched by the swab, and smears were made 
by rolling the swab on a glass slide. 


Fluorescein-labeled antisera were prepared 
according to the method of Coons and Kap- 
lan(4). The specific influenza sera against 
influenza A (Farrington and Fm, strains) anid 
the Lee strain of influenza B viruses were pre- 
pared in rabbits as described previously(3). 
Before use as a histochemical stain on nasal 
smears, the fluorescent antibody solutions 
were absorbed twice with ferret liver powder 
and once with rabbit bone marrow powder. 
The latter absorption is for the removal of 
non-specific fluorescence in white blood cells, 
especially the granulocytes(5). 

Fixation, staining and examination of slides. 
Nasal smears were fixed in acetone for 10 min- 
utes and dried in a 37°C oven for 20 minutes. 
Usually 2 slides were fixed and dried in this 
way. For staining, one slide was treated with 
a drop of influenza A fluorescein-labeled anti- 
body solution for 30 minutes at room temper- 
ature; the other slide was treated in a similar 
manner with a fluorescent influenza B anti- 
body. Afterwards, the slides were washed in 
buffered saline (pH 7.0) for 10 minutes and 
then mounted under a coverslip in buffered 
glycerol (pH 7.0). The slides were given 
only a code number while being examined 
under the fluorescence microscope and de- 
coded afterwards. All slides were examined 
by one person and recorded as positive when 
several to many definite specifically yellow- 
green fluorescent cells were seen; doubtful 
when only 1 or 2 fluorescent cells were pres- 
ent; and negative when no fluorescent cells 
were found. 

Isolation of virus. For the isolation of in- 
fluenza virus from throat washings, the 
method of amniotic inoculation as described 
by Beveridge and Burnet(6) was followed. 
1,000 units of penicillin and 500 pg of strep- 
tomycin were added to each ml of inoculum. 

Hemagglutination - inhibition (HI) tests 
were performed by the technic described as 
the Standard Reference Test for Influenza 
Studies(7). All sera were inactivated at 
56°C for 30 minutes, then treated with 4 vol- 
umes of crude cholera vibrio filtrate for 18 
hours at 37°C to remove the non-specific in- 


RApip DIAGNOSIS OF 


hibitors(8). For each test, 4 strains of viral 
antigens were used: PR8, Fm,, Lee B, and a 
current strain of either influenza A or B 
viruses isolated during the epidemics. A 4- 
fold or greater increase of antibody titer in 
the convalescent serum was considered sig- 
nificant. 


Analysis of laboratory data. The coded 
nasal smears stained with fluorescent anti- 
body solutions were usually examined within 
24 hours after specimens were collected. The 
results were then decoded and recorded. Two 
to 3 weeks later, when acute and convalescent 
sera were available and HI tests and virus 
isolation experiments completed, they were 
compared with the results from the examina- 
tion of the smears. Influenzal infection was 
considered confirmed in those patients who 
had a 4-fold or greater rise of HI antibody 
titer during convalescence or a positive virus 
recovery from the nasal washings. Degree of 
positive correlation as expressed by the ratio 
of number of positive nasal smears to total 
number of confirmed cases of influenza is a 
measure of sensitivity of the test of examina- 
tion of nasal smears by means of fluorescein- 
labeled antibody. 

Results. It was not the aim of this study 
to carry out a detailed epidemiological survey 
of influenza but to attempt to develop a sim- 
ple, rapid diagnostic method for this disease. 
Therefore, only a limited number of patients 
was selected, enabling us to undertake a com- 
plete laboratory diagnosis on each patient. 

Influenza A-prime epidemics occurred in 
New England during 1952-3. Twenty pa- 
tients admitted to the Harvard Stillman In- 


- firmary between the last week of Jan. and the 


first 2 weeks of Feb. 1953, were studied. The 
results are summarized in Table I. For fluor- 
escein-labeled antibody staining, only the con- 
jugate against the Farrington strain of in- 
fluenza virus was used, because this was the 
only conjugate available at that time. This 


‘strain of virus is closely related to the classi- 


cal PR8 strain of influenza A virus, as re- 
ported previously(10). In the hemagglutin- 
ation-inhibition tests, 4 strains of influenza 
viral antigens (PR8, Fm,, 53-Ben and Lee) 


“were used. Significant rise of antibody titer 
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TABLE I. Results on Examination of 20 Patients 
during an Influenza A’ Epidemic. 


Clinical Nasal Virus HI against A’, 
diagnosis smears* isolation -—fold rise 

Influenza os a 32 
> Be ae 64 

nS =e 8 

Mononucleosis — — 0 
Influenza + —- 0 
~ — nd ft 

ae = 4 

a + 8 

: + — 16 

; + + 8 

3 — + 32 

s ri ey 4 

af - 64 

- = ss 128 

— — 8 

2 ae — 32 
Acute tonsillitis — — 2 
Influenza a ao 4 
ac = a 

“5 =i 8 

* Stained with fluorescent antibody solution 


against influenza A virus. 


of 4-fold or greater during convalescence was 
seen only in the A-prime virus such as Fm, 
and the 53-Ben: the latter was isolated dur- 
ing the epidemic. Occasionally a concomi- 
tant 4-fold or greater rise of antibody titer 
against PR8 strain also occurred. However, 
no case had a significant antibody rise against 
the Lee strain of influenza B virus. There- 
fore only data of hemagglutination-inhibition 
tests on A-prime viruses are tabulated. 

In only 13 cases nasal smears had definite 
specific fluorescent cells permitting a positive 
diagnosis of influenza A-prime infection 
(Table I). The diagnosis in 12 of these posi- 
tive cases was confirmed by rise of antibody 


TABLE II. Results of Rapid Diagnosis of Human 
Influenza A’ Infection by Fluorescent Antibody 
Staining of Nasal Smears. 


Positive 
Smears virus 
stained with recovery 2-fold rise 
fluorescent or 4-fold or no rise 
antibody riseof HI of HI Total 

Positive 12t il 13 
Negative 5 2* i 
Total 17 3 20 


Positive smears: 


*1 case of infectious mononucleosis. 1 case of 
acute tonsillitis. 
+ 6 cases with positive virus recovery. 
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TABLE III. Results of Rapid Diagnosis of Human Infinenza B Infection by Fluorescent 
Antibody Staining of Nasal Smears. 


Neen EEE 
Smears stained 


with fiuores- 


Confirmed* Unconfirmedt 


Nasal smears from: cent antibody influenza influenza Total 
Normal saline nasal washings Positive 10; 1 11 
Negative 16 5 21 
Positive smears: 10/26 = 38% 
Nutrient broth nasal washings Positive 1 0 1 
Negative 5 1 6 
Positive smears: 1/6—=17% 
Swabbing of nasal turbinate Positive 0 0 0 
Negative 4§ 1 5 


Positive smears: 0 ; 


* Confirmed by a 4fold or greater rise of HI antibody titer during convalescence and/or 


virus isolation. 


+ 2-fold or no rise of HI antibody titer during convalescence. 


2 Including 2 eases of influenza A. 


4 Including one case in which smears from swab method were negative but smears from sa- 


line nasal washings wére positive. 


during convalescence, and from 6 of them 
also an A-prime virus was recovered. Of 7 
cases with negative nasal smears, 5 showed a 
rise in HI antibody, while 2 cases also had 
positive virus isolation Of the remaining 2 
negative nasal smear cases, both were nega- 
tive for virus isolation and one had a 2-fold 
rise of HI antibody. The clinical diagnoses 
of these 2 patients were infectious mononu- 
cleosis and acute tonsillitis. 

Taking the 4-fold or greater HI antibody 
rise with or without positive virus isolation as 
the evidence for influenza infection, out of 17 
confirmed cases, 12, or 71% showed positive 
smears (Table II). 

Study of acute jebrile illnesses. No influ- 
€nza was encountered in the winter of 1953-4. 
However, 23 cases of various types of acute 
febrile illness or upper respiratory infections 
including 3 cases of clinical influenza were 
chosen at random for this study between late 
Nov. 1953 to Feb. 1954. In these 23 cases 
no rise of HI antibody against either influ- 
enza A or B viruses occurred. However, one 
patient with acute upper respiratory iniec- 
tion had a positive nasal smear when stained 
with influenza A’ fluorescent antibody. There- 
fore, one ialse positive diagnosis was encoun- 
tered among 23 non-influenzal cases. 

Injluenza B epidemic. In this study, a 
comparison of normal 0.85% saline solution 
and nutrient broth for nasal washings as well 


as a study of the use of cotton swabs for nasal 
smears was undertaken. The best results 
were obtained from nasal smears using nor- 
mal saline for nasal washing (Table III); 
even so, only in 38% of these cases were virus- 
containing cells found in nasal smears under 
the fluorescence microscope. The nutrient 
broth nasal washings produced 1 positive out 
of 6 specimens. Nasal turbinate swabs from 
4 cases were negative. Smears made from 
nutrient broth nasal washings or swabs had 
far fewer cells present than those prepared 
from saline washings. When there were too 
few cells in the smears, the chance of detect- 
ing cells containing influenza antigen was evi- 
dently greatly reduced. 

Discussion. From the foregoing data, it is 
evident that a rapid diagnosis of human in- 
fluenzal infection by means of fluorescein- 
labeled antibody staining of cells washed out 
from the nose is feasible. This method is 
simple and practical; and a diagnosis of-in- 
fluenza could be made on the day the speci- 
mens were collected. The shortcoming lies 
in a lower sensitivity than the hemagglutin- 
ation-inhibition test. In attempting to ex- 
plain the lower sensitivity of this rapid diag- 
nostic method, it is possible that we have not 
been able to examine the patients early 
enough in their illness for nasal smears. From 
the experience in the study of experimental 
influenzal infection in ferrets, the period of 


—— 


- positive nasal smears is limited to 2 to 3 days 


of the comparatively short febrile period of 
the illness(3). No fluorescent cells were 
found in the smears before the fever started, 
probably because onset of fever usually coin- 
cides with desquamation of the infected cili- 
ated epithelium into the nasal passage. The 
reason for the failure to detect cells contain- 
ing viral antigens in nasal smears after subsi- 
dence of fever is not clear, since virus-recov- 
ery is still possible. Since patients in our 
study were healthy young male students, they 
usually did not seek medical care until they 
had had a fever and physical discomfort for 
about 24 to 48 hours, and were generally seen 
on the third day of their illness. This delay 
in the time of collection of the nasal washings 
may account for many of the negative smears. 
On the other hand, we do not know whether 
the pathogenesis of influenzal infection in 
human beings is similar to that in ferrets. It 
is likely that the desquamation of infected 
nasal epithelium in human patients may not 
be as extensive as in ferrets, for in the cases 
of human influenza uncomplicated by bac- 
terial infections, the epithelium of the bron- 
chioles is intact(9). 

The fluorescent antibody solutions used in 
these studies were not made from current epi- 
demic strains of influenza virus. However, 
they could be used because of known cross re- 
actions in fluorescent staining among differ- 
ent strains of influenza A virus due to the 
presence of a common soluble antigen(10,11). 

_ Presumably: the same is true for influenza B 
‘virus. The significant difference between 
sensitivity’ of influenza A epidemic study 
(71% positive) and influenza B_ epidemic 
study (38% positive) could be due to a less 
potent fluorescent conjugate prepared from 
the Lee strain of influenza B virus or to a 
milder B infection with less epithelial desqua- 
mation. 

As yet, there is no perfect diagnostic 
method for influenzal infections. Even sero- 
logical tests or isolation of virus do not de- 
tect 100% of the infections. The present 
method is less sensitive than the hemagglu- 

- tination-inhibition. It is hoped that sensitivity 
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may be increased with more experience. How- 
ever, if therapeutic agents for viral infections 
ever become available, retrospective diagnos- 
tic tests might become impractical and a 
rapid diagnosis of the disease becomes desir- 
able. 
Summary. A specific rapid diagnosis of 
human influenzal infection by staining smears 
of nasal washings with fluorescein-labeled an- 
tibody solution is described. This method 
was applied to 20 patients during an outbreak 
of influenza A-prime infections, to 44 cases 
during an outbreak of influenza B, and to 23 
cases of various acute febrile or respiratory 
illnesses. Taking a rise of 4-fold or greater in 
titer of hemagglutination-inhibition (HI) 
antibody during convalescence, or the recov- 
ery of virus from human nasal washings as 
diagnostic criteria for influenzal infection, the 
use of fluorescent antibody had a sensitivity 
of 71% in an influenza A-prime and 38% in 
an influenza B epidemic One false positive 
diagnosis was encountered among 23 non-in- 
fluenzal infections. The use of labeled anti-: 
body on smears of nasal washings is less sen-. 
sitive than the HI test, but a positive diag 
nosis could be made on the day the specimens’ 
were collected, while the HI test requires a. 
delay of 10 to 14 days for collection of con- 
valescent serum. “e 
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